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XX Alcoh 250 25 2-90 794 $3 A 
Wat c280 64 ( 
Wat d 65:3 D 
Wat R ¢280 5-8 D 
j Wate 1.4 ( 
Water ¢250 2-79 62 
W ate c260 )-4 02 ( 
W 270 3-0 \ 2 
Wate 272 60 60 0-0 B 
Wate 24 2 0-0 B 
W 1-45 0-2 ? 14-4 14-2 \ 
W 44 ) 64 13-2 16:1 \ 
60 39-8 0-8 A\-B 
k b 230 2 D 
DISCUSSION 
Ne\ ) col m | ou tions and all 
former Statc ive Deen Co ed. ih few more conclusions may be 
draw! 
D Vi and XLVII) are 
| composed of two molec arc distinguished by their high 
extinction coefficients 


A study of the hydrogen bonds 


In (XX) one nitro group may be bonded by a bifurcated hydrogen bond and the 


second “‘free’’ (XXa), or both nitro groups may be partially bonded (XXb). 

Compound (XX), shows a relatively strong extinction (c.800) at the maximum 
characteristic of the nitro group, the shape of the absorption curve (a) agreeing with 
the structure (X Xa) » hydrochloride (XXII) shows a 1 h lower extinction (of 
the order of 70) at the bend [curve (c)] and naximum he nitro group 
(XXla) 

It is rested that (XXa) h two nitré roup yne hich is “‘free’’, is 
responsible for the tinct i] ntras two roups (XXIa) 
rive a relatively | ction, althou it thar lt the 
compounds with < 


The compounds \ oup and XXXII) in form 


of hydrochiorides witl are n Oo transio! ma um of the 


\ Lie 
CH Ch NJ H 4 4 j 
Cc ri N 
H H 4 
Xt 
nitro group, show a relatively h ext tion of tl rder of 300 1 Of ywer than 
XX) Mesomeric structure ind XX Xb). could be atiort ype ol 
H 
CH 
J 
CH CH, C.H 
( > C.H. CH N 
H 
HOCH N-O 
O CH, N--O 
P 
t4 
XXXa XAXb 


Compound 


(XXXVI, XLVI, 
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Compounds with two unbonded or partially bonded nitro groups 
a typical structure being XXX Vla) also give a high extinc- 


tion 


ch 


XXVIII 


in mok XXIX-XXXID 
th o (XX 


R 


XLVI 
AXATV, 


XXXII, XI 


mcs 


and 


rr 
Lit COTTE 


This rule 
XXXALX) 


uM produced by the 


Wher terna lroge! is ar resent tl 
mun 


nitro 


group or towards 
lengths 


This bathochromic comparing maxima in nitro 


obser 
paraffins with maxima or e corre nitro alcohols. Thus, when 
alcohol (1X) the 


nitromethane (1, max 260 mu): was converted to an 
270 mu: 


maximum was shifted to and when three alcoholic groups were introduced, 
(the triol X) the maximum was transformed into a bend at c. 275 mu (all in alcoholic 


5 71, 84 (1949) 
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= 
Ring « ds w XXXVI two | rit 
to 1 \ i the iodine ion at 
pr tisd 7 ct of N XLID 
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ibsorptior V) 1 butane (VI) and also 
a those of t respective d XVI and XVII), « n to the general rule that 
rancned alb cuc co ina nt ¢ 
fror l-nitrobutane p ra ther coeflicicent 
derivatives (XL and XLII) of 1-nitroisobutane 
onger wave- 
ormack, J. Amer. Chem. 
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A study of the hydrogen bonds 


solution). In the case of nitroethane (II) the maximum, 260 mu was shifted to 275 mu 


in the monol (XI), and the same wavelength was found for the bend in the case of the 


diol (X11) 


A comparison of nitro paraffins and nitro alcohols with the same number of 


carbon atoms leads to the same conclusion. Alcohol (1X) has the maximum at 270 mu, 
‘leneth than nitroethane 


l-nitropropane (III, 270 my) and 


monol (XIII an my) and diol (XIV, bend at c. 280 my) 


260 mu and the alcohol (XV) 


4 


(V—VI1) 


wn 


(XVI-XIX) 


‘ 
q 
: 
A similar shifting 
2-Nitropropane (IV) has the maximum at cives a 
maximum at27& n 2-Nitropropane should also be compared with 2-nitro- 
bee propane-1-ol (XI) hows an absorption band at a longer eleneth (275 my) 
It ild pointed | tnat alt 0 ydro ol mcient to 
tf ) bh tcan pl a shift the ma mum of the 
nitro . A nitro pai nS EE he same type of from 
0. to 280. 275 lv after beine transformed 
4 n amino-t ( d ed fro ‘ pal 
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THE MECHANISM OF INTERACTION OF SULPHUR 
WITH -LIMONENI 
C. G. Moore and M. PORTER 
I B R P \ 
Abstract it) il 
\ \ \ \\ 
WEITKAMP’ hat reac yf th (--) (1) at 140 
vields prop yhides | -(1V) 
(—)(V) d Vi d d p de 
The tere ch tik ( aes 
il ( 
The ) 1) to ¢ V1) is to Iphuration oft 
2 :6-dimethylocta-2 :6-d (VI ive duc ich are explicable 
* Part XII, L. Batem R.W.G t »k ic. G. Me In p 
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The reaction of sulphur and sulphur compounds with olefinic substances—XIII I! 


on the basis of a recently proposed polar mechanism,’** the general features of 


which are given by reactions (1)-(7) 


TS,—S,T > TS 
(Polysulphide, where 
T alkyl or alkeny 
ad group and a,t 1) 
| 
T > ( ? ) 
( 
CH CH CH (3) 
H 1 
‘ 
H 
7 4) 
4 | al be 
(5) 
CH (6) 
CH 
CCH CH ( ( > CH-—CH (7 
(pentadienyl cation CH—C—-CH 
L. Bateman, C. G. Moore and M. Porte ( n. Soc. 2866 (1958) 


12 C. G. Moore and M. Porter 


The compounds (VIII)-(XI1) result from subsequent reactions of initially formed 
polysulphides, as exemplified by the formation of (VIL), (IX), (X), and (XL) from 
the polysulphide (XIII) (Reaction scheme A). 


applied to explain the formation of (II-VI) 
from monen ! pt Reaction scheme B in which reactions leading 
to the initial polysulphides (XIV) XVI) are restricted to the more reactive, trialkyl- 
ethylenic, di | nd of the (+-)-limonene (cf. ref. 5). The two stereoisomeric poly- 
sulphides (XIV) and ll | minate over the structural isomer (XVI), in 
keeping with the preferenti mation a do- rather than exo-cyclic olefinic 


double bond in a six-membered ring system.’ The cyclic sulphides (LV) and (V1) then 


result from protonation of the isopropenyl groups of (XV) followed by intramolecular 


heterolysis of an S—S bond by the isopropylium ton centre, as depicted in the scheme. 


The polysulphide (XIV) can act similarly as the precursor to (IV), but it cannot yield 
(V1) because of the trans- configuration of the isopropenyl and —S substituents in 
the cyclohexane ring. The cyclic sulphide (IV) is converted to (V) by an initial pro- 
tonation reaction to give the carbonium ion (XVII) which then undergoes a stereo- 
specific hydride ion (H~) transfer from a suitable hydrogen donor, e.g. (1), to give (V). 
The stereospecificity of this H~ transfer will be assisted firstly, by interaction of the 


R. B. Turner and R. H. Garner, J. Amer. Chem. Soc. 80, 1424 (1958) 
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The reaction of sulphur and sulphur compounds with olefinic substances—XIII 13 


carbonium ion centre in (XVII) with the sulphur atom of the thiacyc/opentane ring, 


leading to a preferred partial trans- configuration of the C;—CH, and C,—S— groups 
in the cyc/ohexane ring of (XVII); and secondly, by the occurrence of greater steric 
hindrance when the above C,—CH, and C,—S— groups are in a cis- configuration, 
as revealed by molecular models. The formation of (V) from (IV), as required by the 
mechanism now proposed, is consistent with Weitkamp’s finding* that the yield of 


- 
lie 
“ 
q 
: 


C. G. Moore and M. Porter 


formation of the vinyliccy suly alogous to (XI1) obtained from the 


acvclic | own instability of fused 
bicvclic svsten nt i bridge! le bond The fact that 
sulphuration o > yields o ally a e cycli Iphide -(I1V) and 


tric centre 


ter two con po 
(11) and (IIL) are 

Reaction schemes A and B) 
(XTX) d (XX1) accord glo 


ionur. reaction (6), 1s 


hydroc 
The 

group ol 

to 

p SITIONS 

SUCTI a ) ! ul icl ‘ 

deprotonatior action (3 n polysulphides suc is (XXIV) w 

sign howeve the sulphides (XXI1) and (XXIV) 

ne B 


SUDS 


sulphides 
but the sub 
unlikely 


membered 


F.S.f 


as (IV) decreases at the expens f(V) as the sulphuration reaction proceeds The non- me 
( }-(V) is also consistent with the proposed mecha since the asyl 
5 at C, in the (+-)-limonene is not destroyed in the reactions leading to (1V) and (V) et 
- It is also noteworthy that becaus f the stereoc cal restrictions which must be a 
a. imposed on the reaction int ediates which finally yield (1V) and (V) then additional . 
nt ow wal trad inte ti | 
centres Of OpPlical ac ty Wil roduced 
a" in (1V) and at ¢ nd ¢ (V). The hydrocarbon 
sequence of hydride ion- and proton-transier process 
ite the conjugated triene (VIL) from the | :5-diene® (VI 
ey The deprotonation of the mesomeric alket cations 
reaction (/) in preference to r alternative reaction WI) 
q explicable on the basis of the energy gained trom the formation of the conjugated 
ctive isopropeny! 
, 
B, will lead 
resent aiternative 
sulphonium ions 
an alternative to 
py be formed. It ts 
vill not yield, by 
se: those observed experimentally. Thus. both polysulphides will give (V1) 
tuted i eptanes (X XV) theoretical derivable from (XXII) are 
a ¢ formed because of unfavourable steric factors associated with the seven- 
ring and the bridgehead double bond 
* Rev, 47, 2 
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In co! sion, the experimental data of Weitkamp’ provid ritici upport for 


} 


the polar anism of ic sulphuration®:* which specifically expl: he forma- 


tion oft 


does not 


15 
> 
oar GEE predict any additional cyclic sulphide structures 
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SYNTHESIS OF SOME KETONIC /SOQUINOLINES 
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Abstract 


py! air 


} 
whit 0 uu 


(Illa). or 


reduction 
ol ne 


OQ UIno- 


(lV) 
[a}-quinolizine (XV) were hesised latter is suitable for the synthesis of 


compounds related metine 1} nflues f vario tituents in position 


of the p peridone ring (X11) oF yciisal ing iny igated 


| IbH-benzo- 


EXPERIMENTAI 


(1) «-Benzamidoacetoveratrone” (| g) 


¢) in benzene (50 cc) was refluxed 


acid | 


a Dean-—Stark water separator 0-3 cc of water 


being collected. On cooling the b ‘ne laver was washed with water, dried, and the 


solvent evaporated to a syrup (1-2 g) which solidified and crystallised from n-hexane 
75°.) m.p. 109° (Found: C, 66°5 H, 5-9: N, 4-0; 


in colourless needles (0 82 £. 
C,,H,,O,N requires: C, 66°5; H, N, 


ko Sugasawa, Tetrahedron 1, 
Chen R. Robinson, J. Chen 
*> R. Robinson, J. Chem 2167 (1909) 
16 


Tetrahedron Vol pp. i¢ Pergamon Press Ltd Print: Northern Ireland 
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1-Phu /-4 4 ethvie 


py! dine 


livia tne 


phenethyl 


was obtained as a ye vu 


of benzene and n-hexane as colourless needles (0-8 


C,,H,-O,N requires 


H, 7-4: N, 3-9 


*R. H. Martin and R. Robinson 


J 


Nosuo [ron and SHIGEHIKO SUGASAWA 


solut an 


The ketal 
of 


added in four portions 


to the ixture 


an 


brown pyridine layer was 


and the was! combined 


requires 


loride of 


am-bath) 


oil treated with 


nh was not depressed 


(V1) 


loride (1 


The 


> o) 


-amide 
ionyl cl 
ved i acuo and the reddish 


Del 


zene. and the solution treated with 3 4-dimethoxy- 
The amide (V1) 


h solidified (1-5 2) and crystallised from a mixture 


presence of potassium ¢ rbonate (1-5 g) 


wl 


g)m.p. 109 
H, 
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On refluxing a 


65: 


110° (Found 
N, 
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18 
phosphorus pentoxide (5 g) and purified sea sand (50 was 
during 2 hr and boil untained for 6 hr. The dark 
decanted, the residue washed with pyridine (3 
i ~ with the pyridine laye Evaporation of the pyridine in vacuo left a reddish syrup, ae 
whic was dissolved ene d and the solvent removed lea\ a reddish 
yellow syrup (0°58 dU The latte and was crystallised trom v-hexane 
in pale yellow necdic np. (Found: ¢ 0 H. ¢ N, 4:3. CyoHyol 
requires: (¢ H N, 43%). The formed yellow needles m.p. 
162—163° from ethanol (Found: 0: H, 4 N, 10-3. = 
22 
C, 5415: H, 40: N, 101 
dihydrowsoqgui ne (ill). The 
(111) was obtained a ¢ irless ill rroscopic solid by heating (stc 
the ke il. n U 1OT . ind cp lreat- 
ment | the agucol ot the varocnhl ae vit potassium ca onate gave 
Po ae the base (111) which was ¢ ed in be ne dried, and the solvent evaporated leaving ee 
as its 2:4-dinitrophen, drazone. red needles m.p. 201—203° (decomp.) from ethanol 
(Found: C, 60-1: 4 N, 15-0. C,.H,,O,N. requires: C, 60-0; H, 4-1; N 
|-Phenyl-6:7 | 3:4 soguinoline (AV). The base (III, 0-3 g) was 
reduced Dy trea KOH (0-2: yarazine crate and ethyicene 
| (0-5 ind eat oil-hat | nd thet t tor 2 
Ihe red dguct ted th be ind the solution wa dried and 
the ent re ec it ass (/U ch partially solidinec li was 
2 ootained a OLOUTIC pris! exane, m.p. 121° and was identified with an 
ae au pec is 4 + 
+:4-/ Vv). vas prepared by heating 
iene ip C i ag (Url } benzene (OU cK for 4 using the apparatus 
I 
previo mentiones After collecting | cc of water, an 140-1 i) mm 
(6 33 ) was obtained na tl Vas ydrolysed by refluy with NaOHag. and 
methanol. The acid (V) was obtained from the it by neutralisation with 
2 tae dilute HCI with co The acid was extracted with ether and obtan i 
ie: less oil (2-6 g, 50°) b.p. 131-136°/2 mm. A small portion of thi 
HCl gave the corresp kctonic acid m.p. 06 ) NTLIC 
o> on mixing with an authentic specimen.’ 
‘ j ? sl 
4:4 Eithvienedion CVCIONe xXane-carpoxe 3 
ee acid (V., 2-6 g) in ether was converted to the chloride 
we : The soivent a d excess Of thionyl chloride were Tel 
‘ 
. 
ara 
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solution of the ketal amide (0-2 g) in ethanol (10 cc) with HCI (2 cc, 2%) for 2 hr, the 


ketonic amide was obtained in quantitative yield as colourless needles m.p. 143-145 
from n-hexane (Found: C, 66°6; H, 7-4; N, 4:3. C,,;H,,0,N requires: C, 66-9; 
H, 7-5; N, 46°). The 2:4-dinitrophenylhydrazone was obtained as orange needles 
m.p. 206-207° (decomp.) from ethanol (Found: C, 56-7; H, 5-2; N, 14-2. C,,H,,O,N; 
requires: C, 56°9; H, 5-5; N, 14-4") 

1-(4' :4'-Ethylenedioxycyclohexyl)-6 7-dimethoxy-3 :4-dihydroisoguinoline (VII). 
The amide (VI, 0-5 g) in pyridine (30 cc) was cyclised with phosphorus pentoxide 
(5 g) as described above. The reddish syrup (0°5 g) was dissolved in benzene, washed 
and dried and the solvent evaporated leaving a reddish syrup which could not be 
crystallised. It was converted to the picrate which crystallised as yellow needles 
m.p. 103—104° from ethanol (Found: C, 52:3; H, 5-4; N, 9°5. C.;H..O,,N,, 
requires: C, 52:7; H, 5-2; N, 98°). The yield of picrate was good (75%) 


|-(4 -oxo-cyclohe -6:7-dimethox 3:4-d h froisoquinoline (\ 11) \ solution of 


(VII, 0-3 g) in HCI (5 cc, 10%) was heated (steam-bath) for 2 hr. On cooling, the 
solution was shaken with benzene to remove undissolved matter and treated with 
charcoal. filtered and the filtrate treated with potassium carbonate. The base was 
extracted with benzene, dried and the solvent evaporated leaving a yellow syrup 
(0-24 g) which darkened in the air. The picrate, yellow needles m.p. 161° (decomp.) 


from ethanol (Found: C, 53-3; H, N, 10-5. Cy requires: C, 53-5; 
H, 4-65; N, 10°85 
The 2:4-dinitrophenvlhydrazone. vellow needles m.p. 179-180" (decomp.) from 


2. CygH,,;O,N, requires: C, 59-1; H, 5-35; 


(XI) 


a solution ol 


ethvl (1X, 
16 g) in xylene SO cc), sodiul dust (0-8 g) was added and the mixture refluxed 
(oil-bath) for 3 hy whe the C olution of H ceased anc the sodiun { mpound of the 
ketonic ester (X) sep ited After cooling. the xvlene layer was decal ted and the 
sodium compound was dissolved 1n ic ld water acidified with dilute HCl, and the 
ketonic ester extracted with benzene yielding (X, 14-2 g) t gave a reddish ferric 
chloride reaction. The crude ester was subjected to ketonic fission by dissolving in 
acetic acid (10°,) d refluxing for } hr wi the evolution of CO, ceased The 
solution was neutt lised wit sodium bicarbonate solution, ext icted with benzene 
ind the solution repeatedly extracted with sodium hydroxide solution (10 The 
ketopiperidone was obtained from the aklaline solution by acidifying with H¢ | and 
extracting with benzene, dried and the solvent evaporated leaving a syrup (7-2 g, 
64°”) which solidified. and crystallised from benzene and n-hexane in colourless 
needles m.p. 94-95" (Found: C, 66:25; H, 7-1; N, 46. ¢ requires: C, 
65-95: H, 7:3; N, 48%). (XD) gave no ferric chloride reaction. Infra-red spectrum 


Nujol 1655 cm~! (lactam C=O), Nujol 1722 cm™' (ketone C=O). The 2:4-dinitro- 
phenyl hydrazone formed yellowish red needles m.p 202-203° (decomp.) from ethanol 
(Found: C, 55-9; H, 5-6; N, 15-5. requires: C, 56°05; H, 5-3; 
N, 14-9 

2:2-Ethylenedioxy-3-methyl-9 :10-dimethoxy-3 :4 :6:7 - tetrahydro-2H - benzola|quino- 
lizine (X11). The ketone (XI) was converted to ketal (XII) as described above, and 


°K. Mizukami, Chem. Pharm. Bull. Japan 6, 312 (1958) 


lie 
ethanol (Found: C, 59-5; H, 5-6; N, |5 
3 
N, 14-9°%) 
1-(3':4’-Din 
3 
a 
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obtained as a yellow syrup (85°,,) which was free from the ketone (XI). Infra-red 


spectrum (capillary 1645 cm ' lactam C—O, no band in the ketonic region). The 


crude ketal (1 g) was cyclised with phosphorus pentoxide (5 g) in pyridine with sea 
sand for 6 |] The product, obtained w jelly (0-8 g) was dissolved in acetic 
acid (5“,) ited by addition of potassium 
carbonate (0-3 38°%). 
The picrat ystau 1 im yellow necdic n il n.] (effervescence) 


(Found 4°6 regi 50-3 H, 5-1: 


tg 
N, 9-8 C,,H.,O,,N,, 2H.O requires C, 49-5; H, 5-0; N, 9°6",) 
2:2-Ethylened 3-methyl-9 :10-dimethoxy-| :2:3:4:6:7-hexahydro-| 1 bH-benzofa] 
i Guino | e reaucl n of Q-2 Vas Cal ed out im presence ol 
ote, Raney nickel, | molar ent of droge sorbed in 2 hr. The product 
was obta ned as ip W ait OL Cl le Wa obt ill ed ads 
10-2. C.,H.<O,,N, requires: C, 52-55; H, 5-1; N, 10-2 
(X\ Ihe ketal (X1V) ts rea drol HCI | ath) 
for 2? | O ct XV) ed as 
mt 139 d d of (XV) 
synthesised by M H, 7-95: N, 5:1 
Calc. for C,.H.,O.N H.O, ¢ H N, 4 | ( es 
N, Il ( H.,0,,N ( +: H, 4 ol 
§ 8-2: H N, 44. ( H..O.,N¢ H H 
iy N, 4:2%). The 2:4 low 
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A STUDY OF LEUCOANTHOCYANIDINS OF 


(-)LEUCOCYANIDIN FROM THE GUM OF BUTI 
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Department of Cher vy, Unive Del 
(Received 9 § r 1958) 
Abstract—A nidir beer Bi 
ethyl ethe I 
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CO d ) ) B 
nid ( H {) aext 
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Tio 
d C=O H 5 
b ( -te | 
| tan 
odiul ind (compare) vlVIne nixtul of two 1s iC 
tetran et (111) p. 172 1 ecl \ Both 
cvanid chior d on will C H< nd do not 1 COLOI 
ferric chloride | eiti ( el ees wilt th imethy! 
, 
natural leucoc din d the infra-red spectra have similat inds t 
2-12 It is st ested that the | ner me ng isomer,r ine ic 


natural compound an melting one is another of the possible race 


It was not possible to obtain leucocyanidin in a pure condition by 


taxifolin; the product was converted into leucocyanidin hexa-acetate, which 


obtained from leucocyanidin by acetylation. Taxifolin penta-acetate has 


product which does not agree with the acetate of the natural compound. 


1A. K. Ganguly, T. R. Se idri and P. Subrama i Tetrahedron 3, 225 (1958) 
2G. M. Robinson. J. Chem. S 1157 (1937) 
> T. Swain, Ch & 1144 (1954) 
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XPERIMENTAI 


Isolation of leucocyanidin. The Butea gum was obtained from the Central Lac Research Institute, 


Ranch The powdered gum (600 g) was extracted successively with light petroleum and ether at 
ro temp to remove wax. A small quantity of a pale yellow solid was obtained from the ether 
extract. It did not give any colour with magnesium or zinc and hydrochloric acid. In the Liebermann- 
Burc d react gave ed colour changing to violet, green and finally to brown. The quantity 
oft stance Was too SI for furthe nvestigation 
The } $ extracted rep itediyvy with cold acetone and the combined extracts were 
ais c pressure e the solvent st compictety The iscous red liquid 
es tc cte ce na xt ct ark ove inhyvdrou cesium 
i cle educe By idition of light petroleum 
y ve first the he of the 
leuc ss Repeate ix e of ethyl 


ether, f pe vas b vater, alcol nd 

ec W c ac ec Iwhic ne 1 or nd 

blue nm stand | wict 

‘ ‘ t ption max 285 The 

C es could not be obt ed b e the 

f the procedure describe leucodel 

pl d e fe eac red 


264 I C, 58-8; H, 50; 

} D 


\ 1c 
j 
¢ 44 the of 
k 0-44 
An COCY idin (0-0066 M | cc) 
st OXI ole OT uidin oles OF Periodic cid ere 
cor 
Redu ’ tan ra } the To an ice cold solution of t n tetramethyl! ether 
(O-~ rr ino r t hydride (60 mg) was added and after allowing the mixture to stand 
at + t cetic ac emoved aimost compietety 
unde educed pres c ar e res e kept im the c esiccat ver potassium hydroxide 
The resu COMOUTICSS was with a litte wate dried and crystallised from methanol; 
two fractions were obtained. The first (80 mg) on recrystallisation from cthanol vielded colourless 


needles, m.p. 171! 172°. (Found: C, 62-8; H, 64; C,sH,,O, requires: C, 63-0: 61°): the 


—— 
125 d: C, 634 H, require ‘ } 
+ 
: 
al : 
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second (60 mg) gave colourless rectangular rods, m.p. 198° with previous sintering at 192°. (Found: 
C, 62:7: H, 5-9; C,,H..O, requires: C, 63-0; H, 6°1°,). The mixed m.ps. of both fractions with 


taxifolin tetramethyl ether were depressed. The second fraction did not depress the m.p. of the 


methyl ether of leucocyanidin obtained from butea gum 


Reduction of taxifolin. Taxifolin (0-15 g) was reduced in methanol solution using sodium boro- 
hydride (50 mg, excess) in It was worked up as above and the cri le reduction product was 


acetylated using acetic anhy< and p' line at room temy The colourless acetate (0-1 ¢)crystallised 
mall prisms m.p. 270° (d) with 


al leucocyanidin acetate (Found: C, 


pe oleum as clusters of s 


a mixture of ethy! 


tate (0-2 g) in methanol solution and 
sodiun nd pyridine 
in 
petro 


es previous sintering at 263°, unaffected by ac Kture h na 
: 
a 
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MECHANISM OF REACTION OF METHYLENE WITH THE 
CARBON-HYDROGEN BOND 


EVIDENCE FOR DIRECT INSERTION 
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Mechanism of reaction of methylene with the carbon—hydrogen bond 


Kistiakowsky" 1 explanation for the production of ethane in the reaction of 


methylene with propane and butane 


CHART |! 


2-Methylpropene 

pressure makes it su 
considae©n 
and Kistiakowsky" and by Knox and Trotman Kensol he products 


methylbutene-! (A), 2-methylbutene-2 (B) and l-dimethyleyc/opropane (C) 


ition of in portance in view of the 


11H. M. Frey and G. B. K 719, 6373 (1957) 


25 
H «<> Cc H «<> Cc He 
C—H CH > C- HCH B . 
C. HCH C—CH.H B 
: Cc. CH.N > C H.- N B 
Distinction betwee radical and direct insertior the first | 
oS nm ntermediate fragmentation; the ot t—is a step inderstanding the 
to b ) i stud carbon 
hydrogen bond. 2-Met propel ( pecific molecule « $¢ Here, the 4 
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in tne POSILi¢ i ted act position 
as W | a step-wise proc te ediat their eq tt olved 
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of sufficiently high volatility to be separable by gas liquid-partition-chromatography 


(g.l.p.c.) The three main reaction products can be se parated on a 4 meter column 
of diocty!l phthalate from each other and from the remaining starting material, 


from all the decomposition products of dia omethane and from small amounts of 
C,-compounds formed as by-products. The products are identified by comparing 
their infrared spectra with those of authentic san ple Further purification of the 
>-methvibutene-1 is effected on a silicone column and affords material having an 
infrared spectrum cot pletely indist uishable from that of the authentic material. 
The ratio of 2-methylbutene-2 to 2-methylbutene-! to 1:1-dimethy! opropane in 
the liquid phase reaction was roughly | : 2:5 : 8 whereas in the gas-phase the ratio 

of the latter two products was | : 3-5 
Labeled 2-methvipropene-I-"C has been nthesized by Reeve and Chambers” 
from 2-methylpropan-!-ol-1-"C by treatment with phosphorus and iodine followed 
by elimination with potassium hydroxide Since there was no indication of the 
wccurac the . d some reason to expect the formation ol t-butyl iodide 
in the transformation of the carbinol, we did not rely on this method. Labeled 
2-methylpropene has also bec | reported bv Andrianova and Andreev" as the product 
of dehvdrating 2-methvipropa l-ol-| MC over alumina at 415 In view of the 
exp ices of Fries and Calvin™ in dehydrating propan l-ol-1-"C under similar 
conditions and the lack of explicit indication of the distribution of radioactivity in 

“ the resulting 2-methvipropene, this method was also rejected 

ee In t work the general olefin synthesis of Wittig’? was applied to acetone 
Labeled triphenylphosphinemethylene was prepared from radioactive n ethyl iodide 
hos] ollowed by treats t of yhosphonium iodide with 


; pheny thiu (The use of butyl lithium led to difficultly separable butane as a 
by prod ct.) | he reaction acetone al ad tl ey lid proceeded and led 
: to 2-methylpropene-I-"C which could be isolated in a pure state by g.l.p.c. By a 


method to De desc! 


and no significant activity in the remainder (Table 1). This method ts quite convenient 
for the preparation of small quantities of material, makes efficient use ol radioactive 
methyl iodide (60—70 per cent of theory) and is therefore suitable for the preparation 


support for the hypothesis that the 


the final stage of the Wittig reaction proceeds without rearrangement 


Wittig reaction has been abundantly 


Although the gross structural outcome of the 


the numerous examples in the literature, it seems helpful to have rearrange- 


ment eliminated even as a minor side-reaction 


Radioactivity was determined by the new procedure of Wolfgang and Rowland.” 


id reliability of this method for organic chemical problems 


The elegance, convenience at 


involving volatile materials cannot be overemphasized. By coupling a g.l.p.c 


system in series with an integrating proportional flow counter Wolfgang and Rowland 


combined the powerful separating qualities of gas liquid partition chromatography 


D tkad. Nauk SSSR 87, 45 (1952); Chen thstr. 48, 106c 


Chem. Soc. 70, 2235 (1948) 


G. W und U. Schoellkopf, Ber. 87, 1318 (1954) 
F. S. Rowland, Analyt. Chem. 30, 903 (1958) 


r 
of material of high specific activity 
dimination 
i. 12 W. Reeve and D. H. Chambers, J. Amer. Che ) 73, 4499 (1951) 
13 T. I. Andrianova and E. A. Andreev, 
(1954): Chem. Zentr. 7515 (1953) 
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Mechanism of reaction of methylene with the carbon—hydrogen bond 


TABLE |. DISTRIBUTION OF RADIOACTIVITY IN 2-METHYLPROPENE (C,) AND 2-METHYLBUTENE-! (C,) 


aC,OH *C,OH 4C,OH 


40.050 


5.280 


Starting C, 
Rec. C, liquid dil 
Rec. , 45,530 906 
iquid conc 
( 20.060 
13,525 420 


10,435 


ozono 
I 


can © 
methane 


with rapid. reliable counting. The method avoids tedious 


and the preparation of solid derivatives and is thus extraord 
work with small quantities of material 1¢ method has perm! 
all scale necessal&ry 


problem to be carried out on the s 
the advantage method 
Distribution of in 


ozonizing the olefi | ine, reducing tl 


nined by 
yd ide 


and passing the resulting solution of alcohols yut any 


prior separatic 


[he irradiation imps 
as the source of ultravi 


required for optimum yield of products 


out at a total pressure of 400 n 


in the gas phase are show! 


In both cases it 1s clear 


is far from the 0-50-—0-50 diate 
These results constitute the with a 
carbon—hydrogen bond by direct insertion (Chart 2, A) > gas-phase 
to force the return 


1 
‘re 18 no soivent Cage 


are the more striking because 


CHART 3 


CH 


CH,C—"“CH 


Liquid phase 0-00 0-01 
Gas phase 0-00 0-08 


The gas-phase reaction 1s, however, not clean cut. Redistribution in the 2-methyl- 


butene-1 occurs to the extent of 8 per cent. Its seems unlikely for a number of reasons 


27 
| 
170 
(400 mm) 892 
the counter; Fie and Fu ‘ f te of heliun i met ¢ ne of the i 
counter is t i inc ‘ 4 
Subscripts C,OH, C,OH 1 C,OH denote met propanol-2 d ita 2 obt ed by the 
served ] fcorrest to 1-4 or fl 2 im and 
picliminary separation 
narily well suited to 
ed all phases of this 
: ht conveniently from 
foe iterial and product was deter 
o2Zonide with lithium alumin 
ywn in Chart 3 and in somewhat greater detail Table | ; 
that the distribution of radioactivit in the 2?-methylbutene-]1 
of incipient free radicals (Chart 2, B-B’) 
CH 
CH CH 
CH,N 
> CH.C—“CH, CH,C—"CH, 
0-99 
092 
ae 
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that this mixing occurs by the decomposition of initially formed “hot” | :1-dimethyl- 


3-Methyl-butene-!| would be expected among the products of this 
)-O5 per cent). The total 


cyclopropane. 
decomposition, but. in fact. cannot be detected (less 1 
(400 mm) « } ‘ biv his } * range in which 

thyl urs an appreciable extent.* 


pressure 
“hot” 


on Ol 


decomp. S11 
ntion of free radicals. 


It is much more nable t 
4 ten he 2-methy 


It is 


EXPERIMENT 


Boord. J dimer. Chem. Sox 


: 
a 
mee 
pre ene 
— recovere he gas-p ‘acto \ similar rearrangement is to be seen in the 
recovered from the gas-phase reaction similar rearrangement 1 cel 
obset ation that one of the mino product of ti CT 4 putenc vith GlaZo- 
aa methane ts butene-! [hese reactions are almost certainly brought about by free m 
chain | MOSS ait } Sas Way O1 Lic 
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ade 
ve 
mg 
D | 
fo | of 
lio ‘ B ered 2 ene, 
( ec 
nt 
( ( ( f St ctivity 
ob N B Mass ctive odide, a 
I ed in 25 ml of anhydrous 
rs ether (fre ed f 50 ml Schlenk-tube. Under a nitrogen 4 
stmos ‘ e vimers 40 ml of anhydrous 
eth dded. St y dissolve i fewn tes. To this 
orange on -O4¢(18-0n Irous acetone 10 of ether 1s added at 30 The 
ve eis o react ind frans- 
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mixture is homogenized by intensive shaking for 1 hr at room temp. 
20 hr at 70 the tube is cooled in 


tube is sealed and the reaction 
A white product precipitates > mixture then heated for 
liquid nitrogen for 2 hr, opened and the 7 propene—together wit i. 30°. of ether and small 

list 1 with th 20cm “Podbielniak’’-column 


amoun acetone and nzer 5 od! 
2-Methylpropene is s by i ge imn at 20 The yield 


nethylpropene \ 


4m J 
as described above s/mmok propanol-2, 50n 
Wij t} highl tart material, 


(from twe 
detected additional 


expel ments in SOLU a 
ronene.1 s condensed with 10 mg of diazo- 


(b) Con 
adiat ethane, 2U mg, 1s added in 


methane and i 
7 mg), purified 


2-methy Ipropene 


Recov erea 


%0 
29 
ot 0 yasis of pn t} 
es ana ON the Oasis OF nium. 
Ozoni: ation of 2£-n nvyiprop ( 
(13 mg) IS GISSOL VEC Ur. 1 Ol purihed pentane (shaken with sulfuric 
acid for several davs). and c d to 0 A ve part of an ozone/oxygen strea containing 
ca. 2°22 0 me pe erted through meti propene—pentane solut at at a rate 
of ca. 1 bubble per second As soon as the potass de solution at the exit tur yellow, the A 
\ ie Oxidation is stopped na t xcess Ol Fone expelled th a stream of dry nitroger Lithium 
aluminu nvaride Ul 4) na tne XT ) y irme U I ot anhydrous 
LAL ether having been added de » increase the solubility of the m aluminum hydride. The 
COO! ) lk i y kept at O° for several 
a an hours. The mixture ther cooled t mposed by adding 20 mg of water. The 
decomposition is complete ut king at O° f he reaction 
pre (te ether on 
R 
+s 
i 
) - C eing cleanly 
‘ 
4 ) ite 
for t ( tent 
ol I C tne 
the c ) t to 1 s of 
sup or 
The ) en ( 5-8 5. 600 dp 410.050 
aps no The Ch na 
(a) In dilu ut 2-M yropenc ( tex th 45¢ ctive mater! ‘ 
(PI p ure de, 99 ) e from 10 


column at 


45,530 dps/t 


the 10 ft 
34.160 dpm 
2-Methylbutene-1, 2 


diluted 


on 


7 mg 


with 


described manne ethanol 


ollowimng | 


810 dpm x 


170 dps/mmole 


Reaction 
Methy propel 


2ime ot inact 
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activity ethanol, 1°6 mg, 64,150 dpn 


ozonized 
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the usual 


76dpm: « 


analyzed in 


and way 


me 


} u the 10 ft 
| (Mathies ozonized 
tonated mt ft I 


20,060 dps/mmole 


ondensed 


and worked in 


methanol, 0-4 mg, 


906 dps/mmole 


E*’-column at 0° is 
the 


80° show 


butanol-2, 3:7 mg, 


with 50 mg of 


oe e-1-"C, 20-2 mg and 47-0 of inactive mate is ¢ 
450 flas nd ted f cle part pressure of purified nitrogen 
diazometme in a i idiated | 
of 350 mm, the reac SK Oc . . 
iva ind tne Te cor ruc re I c pre CT } cu 
: = 
: 
é 
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THE MAGNITUDE OF ELECTRONIC ISOTOPE EFFECTS* 


R. WESTON, Jr. 

Department of Chemistry, Brookhay ti il Laboratory 
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Abstract— Sc ary is ects ». kinet tor “cts Te) ie bond to the 
mecha- 
ggested 
ther 


tnere Is 


Dipole moments 


it Measureme been made for the 


IN several cases, gas-phase dipole mome: 
compound containing either protium or riul fortunately, in most 


ubstitution in the experimental erro1 


ises ate) 


son of HCl and D¢ 7 and the comparison of NH, 


weve ere the e1 1aSI ul 1 Just this isotope effect: 


(Au 0-012-0-015 D) ll is show that can quantitatively 
isotope effe he di m ependent data given by 
freque es a nte his effe | by tl anharmonic 


symmetric 


a 
more facile electron release from a ¢ D bond than from a € H bond. The purpose of thiscommuni- 
z: cation 18 to exal me et some of the ¢€ dence cited by Haley and t« estimate the theoretical 
‘Tae limitations on sucl effec 
cases the diflerence 
There are (WO 
and ND 
predict th 
vibrational 
, character of the normal vibrations. To see this qualitatively, consider the 
N) 
Re ) ispices of U.S. Atomic Energy nn ‘ 
EF. A.H } 1. 
4. A.M ‘ F. Buckley. 7 nts and I D Mon 5 Ince 
( Sy N Bur u of St dards Circular 537. U.S. Ge ¢ P eg Office 
W DA 
C. H. Townes and A. L. Schawlow, Micro» Spectroscopy Appendix VI. McGraw-Hill, New York 
‘ (1955) 
*R. P. Be nd I. E. Coop, 77 Faraday § 34, 1209 (1938) 
J. M. A. deBruyne and C. P. Smyth, J. Amer. Chem. Soc. 87. 1203 (1935) : 
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hendine mode of NH. (Fig. 1) : ential : function of the interbond 
the form shown in Fig. 2, in w! e lowest vibrational levels of NH. and 
ND. are indicated | enti ve 1S not a parabola, the average 


interbond ar hence the former molecule is more 


} 


nearly planar and 


1) 


lor 


j 
Ag th iteriu r proluuum 
ee probe nu TT rt of ave ficld d tive in a region 
urround ts equilibriu \ bra nonicitics Will Cause 
. the nucleus to map ou tly different I iif otop pecies. This : 
: «planation was advanced bv S d Goldsteu exp the difference in the 
~ halogen atom quadrupole couy constants for CH,X and CD,X (X = Cl, Br, BF. 
It m be noted it produced Dy G rium if tution 1s icss 
ae CH.1 than for CH.CL 1 ynable in terms of t malles vibrational amplitude 
as of the heavier moiccule, whic ould decrease the anharmonicity 
Du I Chem. 20, 1804 25, 369 
W. Simmons and J. H. G P 20, 
: 


The magnitude of electronic isotope effects 
> 


Chemical shifts in NMR spectra 


The fluorine nuclear magnetic resonance spectra of n-C,F,D and n-C,F,H show a 
similar isotope effect.” The shielding of the fluorine atoms in the —-CF,D group is 


0-60 0-05 p.p.m. greater than that for fluorine atoms in the —CF,H group, which 


indicates a greater effective electron density around the fluorine atoms in the former 
compound. The explanation ts presumably similar to that for the effect on quadrupole 
coupling constants 
Kinetic isotope effects 

The question which now arises 1s how one may account for the observed mass- 
sensitivits certain electronic perties of a molecule in formulating the isotope 


eflect on 


tion co-ordinate, 


ransition 


\ lie 
sa reaction rate 
lhe current theoretical treatment of the effect of isotopic substitution on reaction 
rates was originated by Bigeleisen,’ and ounded upon the abdsolute reaction rate 
theory ol | \ ng and oiners The ratio of rate constants [oT two OLOpIC pecies Is 
given by q 
0/0) (1) 
In this formula, M* is an effective mass for motion along the rac | 
while O and are partition functions ot t Or nal species and of the 
state, respectively In the case of a secondar' otope ct. the contribution of the 
ee reduced—mass term ts expected to be 1 tible. It has been shown’® that the partition 
ol the specic involved tl potent energy ftunction 1s in riant to Isotopic 
subdstitutior he tion oO! al nduct tope erect imp that 1ST 
partition tunctiol it in electro! leve irom one 1soLtopic 
| unc 
species to anoth The 1 nitude o ‘ fect may be estimated 
The only \ ted « cl thal the hydro tom For this 
imple i ; between H d D is caused by 
+} ' small differer luc ln «yf f ctron—proto tem comp red 
to that f the ¢ trea deut 1 tem | at int to 40cm na exp (30 
cm is about I-15 300° K For mo piex n eculc correspondin 
many-body problem nnot be solved, and rex rse 1S made tot Born—Oppel! me! 
el and nue mot ACCOT’ | | | tne raction 
between tw typ of motio ct be considered, 1s 
for the molecu Het a cont ( or U ct o 
deuterium substitutior order of 1 nituc maller than the 30 cn predicted 
for the difference between H and D atoms. The difference in this interaction effect 
betw n two moiecu tne t and the act qd compie.% be 
ail ‘ ‘ i ‘ 
Ther experi! nt lence n elect! c eflect of tl type inimportant 
i; \ 4 
M. ¢ M ( 1S, 2 
M 84,4 { 1.-Y. W iA 
24, 45 f 
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ilorimetric data for H,O and 
hermoc! emical dat l enabled 
e zero of H,O and 


roscopic data, from 


CH.COOH 


(3) 


rution 


on of 


atom 


isnota 


exchange 
molec ule 


more t negative ator e¢ examples are 


HD H,O » + HDO 


HI H, HTO 


Rossini, Knowlton, and Johnston’ obtained precise 
D.O I he re combined with other experimenta 
them to obtain the it eats of formatio 
the relatior p 
\H/,,.) Ex...) — (i Ey) (2) 
in which represents brationa -point ener From suitable data for the 
value of ( tric Gal cad i . In 
( age cil electronic chiectS are abdsent, OF v 
tnat t ) Urore g water moicculc 
Hal surel nt of the dissociation constant p cetic acid and its 
analog deuterated in t ow that t deuterium compound has a 
dissociat tant 0-895 that of the protium comp d. [he comparison q 
he of 1 d ciation « tant quivalent to t otope exchange equilibrium — 
Ph-CD,COOH Ph-CH,.COO Ph-CD,.COO Ph- K 
: functio tot equation If on nor p die explanat — 
this ef id ences brationa O-point en juivalent 
Also. the son kelet are changed by deuternrum 
substitut ntl ( d 1 e low fret ncies will make a contribution 
to the entroy l i true for secondal otope effects in eral), small 
zero-point energy but nay arise from differen brational frequencies 
I 
e of the groun te and t { tate even when the isotopica substituted = 
ia has subst I t ‘ nd n bot tates, simply because the molecule EEE 
collect independent diato scillato 
If e 1sotop caused | i difference in electron-releasing ability of 
hydroge! ‘topes, one might look for sucl cts on droge otope 
equilib n general. In particular, such an effect would be expected in 
(4) 
D. W.K nd H. L. Johnston, J. R Nat. B Star 24. 369 (1940 
: Her Ta \ N k (1950). V ves for HD 
H 
E. A. H M.N ( SA. ? $6) 
L. H. E. Mel Phys. 22, +) 
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The magnitude of electronic isotope effects 


Over a limited temperature range, the equilibrium may be written 


je”'", Values for the iram al 1ave been calculated 
tional data for the tsotopic hydroge no ‘cules and t] 
by use of the method of igeleisen and Mayvyer.!” 
obtained by a squares treatment of the data of Si 
and data of Black and Tay r the tritium exc! 


and exper! 


rom ulladie \ ibra- 
c water molecules. 
rental values were 
oe EERE mental values is given below: 
‘ rn > ] 
Reaction 1 (calc) 1 (exp) B (calc) B (exp) 
ie 
(4) 36] ()-733 ARN-6 A70 
(5) 0-6°06 ()-492 ()-( 4 
; 
ae The excellent agreement preclude IC electronic effects 
In conclusion, all dence pre ted in favor of ct sotope eilect is 
explic ib] on t h; yal Accordin e BO () enhneime!l 
for molecul¢ nvo U ‘ CLIO ( ‘ Ola 
kinetic experiment which could measu an electronic i1sotoy eparate irom 
the usual vidDrational eiiect 
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are generally not 
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the methylation of 


nethod 


ic ked gencial 
methylated by excess 


num /-butoxide in methylene 


yst should methylate 

iS unsalis- 

consumed reaction with diazomethane, because 

the intermediate methyldiazonium cation combines more rapidly with the acid anion 
than with the alcohol. Fluoboric acid (FBA), on the other hi , promised to serve 
as a useful methylation catalyst, as it would produce a relatively long-lived diazonium 


cation that would react with an alcohol as the nucleophile,+* and 1t could be consumed 
of Technology, Ha 


ly fluoboric 


Lah« il ics OF hemistry inst e of Techn ogy 
(Received 22 September 1958) 
> “ 
amounts of ioboric acid (FBA). Primary aliphatic and unhindered 
84-98 °., yields of methyl! ethers, while te y and moderate ed secondary alcohols afforded x 
tS ower Vic The cle f react ’ e methylation of the c buty cohols, as determined a 
n comp n expe ents f, and of the « eric es ; ) }a(a). The 
~ The met n of weak cidic phe ; S cat ed by FBA. The nm n ylation reaction ee 
epare directly met! ethers of desoxycorticosteronc of testosterone, 
completely satisfactory general methylation procedure effective 
nild acidic condivion 
thulatine 
: Diazomethane serves par exc we as the methylati agent ia 
enols are met ated o1 siowly, while aicoholic hydroxyl 
methylated at all by this reagent \ few exceptions are know 
with electron-withdrawing groups in the z-position, which are I 
aimecuity Alum ul KOXKIdeS ave Deen reported catals 
alcohols with diazomethane, but the authors stated that t 
preparative value In our hands -cholestanol was 
diazomethane in the presence of || mole pe: cent of alum [I _ 
ch lorid ution 
< wction of diazoacetate d ethanol with various mineral acids, particular, acid, 
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H. Meer und G. Hir rs Ann. 484, 1 (1930) 
9s? 
3 J. D. Roberts, C. M. Regan and I. Allen, J. Am. Chem. Soc. 74, 3679 (1952) 
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in reaction with diazomethane only by some process involving rupture of a B-F 
bond. We have investigated the methylation of alcohols with diazomethane using 
FBA as a catalyst, and have found that this reaction is quite generally applicable and 
proceeds, within the scope described in the sequel, in high yields under mild 
conditions. 

Methylations of hydioxyl compounds were carried out at 0-25" by adding slowly 
a solution of diazomethane to a solution of the alcohol containing 0-6—8-5 mole per 
cent of FBA. The solvents used were diethyl ether or, preferably, methylene chloride. 
The methyl ethers of n-butanol, n-octanol, «- and f-cholestanol were formed in 
1 the latter solvent and, in addition, the reactions with 


appreciably higher yields 1 
diazomethane took place more rapidly and required less catalyst 


The results of methylations of a number of representative alcohols and phenols 


are recorded in Table | The methyl ethers of primary or unhindered secondary 
alcohols were formed rapidly in high (84-98 °,) y ields by this reaction as evidenced by 


the methvylations of n-butanol, n-octanol, cyclohexanol, cholesterol, «- and /- 


cholestanol. Tertiary alcohols, and moderately hindered secondary alcohols, reacted 


more slowly, vields were lower and the reaction was accompanied by polymethylene 


formation, which could be minimized by operating at lower temperatures 
Competition experiments showed that the relative rates of methylation of the 
three isomeric butyl alcohols were in the ratio primary : secondary : tertiary 


Pe 


1-3 : 1-0, and those of the epimeric cholestanols were in the ratio 3/ (e) : 3a(a) 
2 | lie } +] eal 
1-3: 1. The rate orders were in the expected direction, but the relatively small 


spread indicated that the FBA-catalyzed diazomethane methylation lacked high 


steric selectivity. However, the 5(secondary)hydroxyl and the 6(primary)hydroxyl 
groups in 2 3-dimethvl ascorbic acid (Ib) were sufficiently different in reactivity to 
allow selective methylation of the primary in presence of the secondary hydroxyl 

group. Thus, ascorbic acid (la) was first methylated to the 2:3-dimethyl ether 
(Ib) by diazomethane in ether—methanol in the usual manner* in the absence of a 
catalyst: without purification, the crude enediol—diether (Ib) was converted by 


diazomethane in methylene chloride in the presence of 1-5 mole per cent of I BA into 
a hitherto unknown trimethyl ascorbic acid. The new trimethyl ether was isolated in 


45°. overall yield and after purification melted at 99-5-101°, [2 33° (H,O) 
It was assigned the 2:3:6-trimethyl ascorbic acid structure (Ic) on the following 
evidence: 

(a) the maximum at 234 mu (log « 4-0) in the ultraviolet spectrum of the 101 
compound degenerated in alkaline solution to a shoulder adjacent to the terminal 
absorption, and was regenerated on acidification ;T 


(b) after treatment of the trimethy 


ether with aqueous alkali and buffering to 


pH 7-5, the solution consumed one mole equivalent of sodium periodate; 


FBA-catalyzed diazoethane, by an adaptation of the 


The ethylatior 
i 


procedure descr 

and 1-methyl-2-ethox pent rom the corresponding alcohols in 2¢ and 17 elds, respectively. 
These change dicated formation of t carboxylate anion on open ft uctone ring, and 

regeneration ol! the itter or icidification, as ) expected for a 2 5 x-trimethyl ascorbic acid 

(Ic) in which the 6 (primary) hydroxy! group w blocked 

+R. W. Herbert, E. L. Hirst, E. G. V. Percival, R. J. W. Reynolds and F. Smith, J. Chem. Soc. 1270 


(1933) 
F. Micheel and W. Schulte, Liebigs Ann. 519, 70 (1935); F. Micheel and G. Bischoff, bid. 525, 66 
(1936); W. N. Haworth, E. L. Hirst, F. Smith and W J. Wilson, J. Chem. Soc. 829 (1937). 
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(c) the infrared spectral characteristics of the new c 
R R R HF H 
d ld not } net lated | thod 
nd 1 m 1 te. ilting from 
elimi On 1 f BA omet net lation q 
afforded et and t ther from 
tar d lab the same methyl! 
Cp j 
oO: co | BA-cat 1 ah ethane, 
N d Re t fry n of ilkkoxvketones from 
_ diazon Fi le, 1 yield of { met ether was essentially 
“s unc iwed by replac t FBA catalyst with an equimolar amount of boron tri- 
nuoride etherat 
* The new 1 nt p des a unique tool for the methylation of certain . | 
conia nit Cl | \ IDs | npl I rete: Lo ascor 
case (see above), desoxycorticosterone (Ila) afforded directly 21-methoxyproc 
w.s p 207. 14 
j 4 Ss. R. Ada J. Amer. ¢ Soc. 70, 838 
(1948 E M.K 5S W 78, 434 $354 
'M.S.N PF. B lA 2. si 
j ( 80, 2584 (1958 ‘ 
E.M iW._R j ine Chem. 70, 105 (1958) 
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(IIb), while testosterone (IIc) gave the hitherto unknown 17/-methoxyandrost-4- 


ene-3-one (IId), m.p. 127-127-5°. These transformations are difficult, if not im- 


FXPERIMENTAI 


DM) in diethyl 


ccedures.'= The 
tion of DM 


pro- 


on of DM was <« 


at 50-60 


de ter mined by 


Buchanan 


39 
q 
possible, by any previously known direct method of methylation 
The usually slug nh reaction Of weakly acidic phenois with Giazomethane was : 
7 aiso shown to be cati ed B \ | si giol was thu ea directly to the 
dimethyl ether* in 81 vield under conditions which, although forcin gave no 4 
reaction at all in the absence of the cat: t. Other weak icidic phenols ol pKa 
a 9-5 to 10-2 gave poor to fair yields of methyl ethers : 
Diazomethane (DM) 
oe ether, and in met ne chloride, we pared by reported p P| 
solutions were dried o 1 potlassiun dgroxide petiets and the ce 
eae i was determined Dy reaction of an juot with excess benzoic aci« : 
cedure of McKay ef a was used to epare vic chloride. 
ain nee : \ slow stream of nitrogen was passed throu the reacti dilut DM in 
the caScCh—teee tO sweep it into t dist ate d absorption assembly 
Distillat [i iscontinued en about 60-65 of t eoretical amount 
had hee ‘oll of dict ‘ of thus the 
nac een collected, whiie the d owed e y lus tne 
amount of water carried over from th CLIO Va DM 7 
solutions ana as GOSCI ADOVE 
Concentrated FBA catalyst was sed i ill experiments sted in le I, as 
comparative methylation experiments with represe! yaro pounds had 
shown that the yields of methyl ethers obtained in the presence of concentrated FBA 
catalyst were somewnal er than wit aqucous CTCla BA 
of ca. 50°, concentration was concentrated further by partial evaporative distillation 
; Es 5 mm. A pot residue of conc FBA thus obtained, which was ca. 16 N as ; 
EEE titration with standard alkali, was used in runs 1-4, 7 and 15-19 in 
* All melting po ot Tere eX] ra vere 
deter tha Mod MS y Re Sp i i as 
Y. Urusibara and T. Nitta, B Chem. S§ j 16, | 194 C. A. 35, 8210' (1941), obtained ; 
O Ce \ R. P.S.B M. T. F.Co yn. 
et. J. A. I kK. G. N. \.M R.J.R J. M. Salsbury 
N.H.S J 1. D. Sn A r. Chem. § 68, 
A. F. McKay, J. Ar ( 70, 1974 +8) \. F. McKay, W. L. O G. W. Taylor, M. N 
Gian and J. F. Crooker, Ca 28B, 683 S50) 
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TABLE METHYLATION Of HYDROXYL GROUPS WITH DIAZOMETHANE 


IN THE PRESENCE OF FLUOBORIC ACID 
Rur Hyd OXY COMPO u Mores ct me solvent 
Priv 
n-B is] \ 1-14 53 
2 B 10-0 $0 B 1-14 
nO 10-0 \ 82 84 
S L-Asc + 
: 10 ( ; 
1? ( | 1) ‘ 
i4 7 B 10 
4 4 } 53 
‘ 
\ 
‘ B 
P 
24 $3 B 
3 
: 

me 
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Table 1. This acid catalyst was added directly to the solutions of the alcohols methy- 
lated. In runs, 5, 6, 9-13 and 20-26, a 10-7 N FBA was used. This acid, prepared 
as described above, was made up to a catalyst stock solution A, containing 0-133 ml 
of the conc FBA in 25-0 ml of solution in 3 : 1 diethyl ether—-methylene chloride. 


Methylations of n-, s- and t-butyl alcohols (Runs 1, 2, 7 and 15, Table 1) 


To a solution of the alcohol (40-41 mmoles) in 5-0 ml. of diethyl ether or methy- 
lene chloride was added 0-100 g (2-8 mole ) of FBA. The solution was cooled 
below 0° in a freezing mixture and a solution of DM in the appropriate solvent was 
added from a burette until ca. 0-4 mole equivalent had been added. The yellow color 
of DM was observed to disappear immediately on addition of the reagent to the 
alcohol solution. The reaction mixture was shaken with potassium hydroxide to 


neutralize the FBA, and some amorphous polymethylene was separated. The yields 


determined by vaps hase chromatography (v.p.c.) on a column of dioctyl 


mixtures from runs I, 1 15 were subjected to 
before v.p.c. through 

dentity of each 

and of methyl 

omparison with 


to be proportional 


valent amounts of 


forded lower yields ol 


‘'s (Run 19) 


and f-butyl ; hol and 


mmoles 


v.p.c 


was 

present im tine 

1: 1-5 molar 


hydroxide, and the solu was to remove 


j 
wer; 
Pe ee phthalate on Celite. The reactio 
oe V.p.c. directly, W that [rom ru 
oy ; a 55 cm Helipack column to rem 
i neal 
oe graphically recorded main peak, 
ether present in ear react 
i fe standard solutions of the pure compounds. Peak areas were found 
wy ie to concentrations to wit 1°, by weight 
TE A series of methylations, using the above procedure with cqui__—_—_—_—_—_—_—_/ 
50°. aqueous FBA instead of concentrated FBA catalyst, 
methvi ethers (7-but ethvi ether. 4 - ). 
A 
0-07 ml (0-9 mok col trated FBA diethyl ether was added 20-6 Hi 
(0-17 mole equivalents) of DM in t san it. The relative amounts of the 
ulcohols and of the methyl ethers in the rea yn mixture were determined by |g 
Ihe relative rates Of mel latior ( ymputed irom se data were 
}.3 }-{) 
(Runs 3, 4, 8 and It 8) 
The conditions used in the methylation of n-octyl alcohol, run 4, are representative 
ior the itt IS « CU With mimor mod Cal ns. to the 
methylation of « hexanol, t-butyl alcohol, f-amyl alcohol and dimethylphenyl- 
carbinol. Toa tion of 10-0 g of n-octyl alcohol in 20-0 ml of methylene chloride, 
containing ca. 0-023 ¢ of conc FBA catalyst, whic vas cooled below 0°, was slowly 
added from a burette a solution of DM in met ene < During the course of 3 
the reaction, a further portion of ca. 0-017 g of conc FBA cat t was added. When 
| DM id been added. i] er portion of O-5 ¢ of n-octy aicohol 
. h caused immediate decolorization of t excess of yellow DM 
ry ‘ ‘ ‘ 
ction mixture ihe total amounts of reagen used represented a 
ee ' » of the alcohol to DM The FBA was removed th potassium 
2 small amount of polymethyicne 
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The solvent was removed by distillation and the residue was warmed for 45 min with 
metallic » re nall exce f the alcohol 


le product was 
»5°/16 mm, which amounted 


idenced by its infrared spec- 


10/18 mm, which amounted 


An an ilo FOUS 


DM 


and cholesterol. Toa 


) of FBA solution 
(0-342 M solution of DM in met! 


enc 


ed in a Dry Ice—acetone bi [his amount represented 


lestanol to DM. The colorless reaction mixture, whic! 


containca y little polyn ethylene, wi 


diluted with methylene chloride, filtered, 
washed with aqueous sodium bicarbonate solution and water, dried over anhydrous 


sodium sulfate. and evaporated to dryness in a stream of nitrogen and finally at 


reduced pressure (water aspirator). Ihe met! ylation product wi 


is absorbed on a 


60 10mm column of 3-0 ¢ of Florisil ractions cluted with | : 4 benzene 


petroleum ether (b.p. 60-65 amounted to 0-102 g (98°) of pure -cholestanyl 


; 
: 
fractionally distiiicd to aliord a first traction OF 
a trum: and a main fraction of pure met ether, b.p. 69 ore 
to 9-35 @ (80-5°). The total vield o etl ther was 8 
a methylation (run 3) of n-octyl alcohol in diet et stead of methylene chloride, a 
ifforded a sl tiv reduced gd ol cl and required a considerably 
hivher proportion of FBA « labie 1) 
olut run 8) pro ictional distillation a first fraction 
oP etl her cont ed tion lete! dt fy d spectroscopy, and 
ted 9 | fm hn. 41? mm. amounted 
to 83°, yield, the 1 vield 
The met! tion dic ri 16. by the same procedure 
mixture DY V.p.< ndicated a 45 #0 ol unreacted 
p obtained ed by 1 of infrared 
lcart ormed a dee] ition, indicat of the presence 
trit N EBA cat ne chioride lo thi 
Ihe follo procedul methylat ol estanol (run 13) 1s 
: representative of the ger co ns used th « es in proportions of Hil 
indicated in Table |! the met tions of 
: Stirred solution OF (0-26 mmoie) ol ) inoi, Mm.p + , in 
; added over a period of five min | of 
chloride, which had been co) i 
al 
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methyl ether, m.p. 84-84°5°. The column wa washed with diethyl ether to give a 
small fraction of 0-002 g of impure material, m.p. 77-93 Methylation of cholesterol 
excess (3-4 mole equivalents) of DM gave a 95° vield of the methy/ 


methylation of x-cholestar with larger excess (4-9 mole 


yield of the re { methyl ether (run 11). Smaller 
uivalent ifforded reduced yields of methyl 
(runs 10 and I: hylation of $-cholestanol by the 
centrated 

) of boron 

olestanol 

alyst to 

tion of 

of 


lestanol 
10 min 
cooled 
ed up 
ylestanols 
Florisil 


tear 
stanol 


3:6-Trimethyl L-as (Run 5) 


A modification ase 1 the proced 


2 :3-dimethyl-ascorb 


| -ascorbic acid (| » 


5 to a 


15-0 ml of anhydrous diethyl ether, cooled to , 
period of 40 min 12-0 ml a 0-465 M solution of DM in methylene chloride. At 
this stage of the reaction, evolution of nitrogen became slow, and it was reactivated 
hy the addition of 5-0 ml of anhydrous methanol followed by 15-0 ml of DM solution 


over a period of | hr lhe reaction mixture was kept for 15 | 25 ered, and the 
solvents were removed at reduced pressure (water aspirator). The crude enediol 
(0-811 ¢ of a viscous syrup) was methylated further in the presence ol FBA catalyst. 


To a stirred solution of the total enediol in 12-0 ml of methylene chloride, cooled to 


0° and containing 0-25 ml of FBA solution A, was added 6-0 ml of the 0-465 M DM 


eAces amounts (1 moie 
ethers Of and chnoiesta 
above procedure, with 1-50 
FBA (2-2 mole )and tl 
trifluoride etherat afford 
methyl ether Increase of 
mol lowered the yie 
cholestanol under t al 
Sia ; iluminum /-but ide as the potential catalyst, did not produce any detectable amount 
nt of the methyl ether 
Competition methyliations of a- and p-cholestai (Run 20) 
lo tirred solution containing 0-100 (0-26 mmole) Ol 1 
and VU mo of FBA so \ aagged Ove pel d 
of a? 1-68 ml of a 0-445 M solution of DM inn ie chi le, which had b 
ogee in a Dry Ice-—trichloro ene cooling Dat | reaction mixture was ' 
as described above I quaternary mixture of unchanged epimeric cli 
Elution with petrol ther (b.p. 60—68°) aflordeda (59°) of 
a methyl ether, m.p. 60-5 + which w ecrystallized from acetone—methanol to 
f give 0-042 ¢ of plat m.p. 62-63 Further ition with petroleum ether (b.p 
to 2 vetrole n r n. 60 ) ().¢) (76 of 
cholestanol n | ethe m.p. 80—82>, v ter recrystal tion from methanol 
afforded 0-066 ¢ of large plates, m.p. 54-& Elut \ 3 benzene—petroleum 
and elution with | | benzer liethyi et ifforded 0-0 red /-cholesta- : 
nol. m.p. 138-5—141°>, which after re« tallization from absolute et | gave 0-016 2 
of large plates, m.p. 141-142 
I 
ire Of Herbert * was used to prepare 
sic acid. To a stirred suspension of 0-704 g (4:0 mmoles) of 
ES Po m.p. 190°) in a mixture of 3-0 ml of anhydrous methanol and 
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solution over a period of 20 min. The evolution of nitrogen became slow at this 
stage, and a further portion ol 0-1 ml of FBA solution A was added to the reaction 
Then the following successive portions of DM and FBA solutions were 
added: 2-0 ml of DM, 0-25 ml of FBA, 2:5 ml of DM, 0-25 ml of FBA, 2-0 ml of 
DM. and 0-25 ml of FBA solution A. The total amounts of reagents used were thus 
5-8 mmoles of DM and |-6 mole of FBA catalyst added over a total period of 45 


The reaction mixture was filtered, the amorphous residue of polymethylene 


mixture 


min 


was washed with a small amount of ethyl acetate, and the solvents from the combined 


filtrates were removed at reduced pressure (water aspirator) The syrupy crude 


product was dissolved in ethyl acetate, a small amount of diethyl ether was added, 
and the solution was seeded with 2:3:6-trimethyl ascorbic ac d from an earlier 
run. The solution was kept for four days at 10°. It afforded clusters of fine prisms, 
0-196 ¢ (first crop), m.p. 95-98 lhe mother liquor was concentrated to a syrup, 
and the cryst zation procedure was repeated to afford 0-166 @ (second crop) of 
prisms, m.p 93-95 , and 0-030 g (third crop) of prisms, m.p. 56 91-5 The combined 
crops, 0-392 g (45 overall vield from L-ascorbic acid) were recrystallized from 
ethyl acetate to ud long. slender prisms, 0-252 g (first crop), m.p. 99 5—100-5°, 
and 0-044 g (second crop), m.p. 99-100 The first crop material was recrystallized 
twice from ethvl acetate to afford long prisms of 2 3 : 6-trimethylascorbic acid, 
m.p. 99-5-101°, [a] 33 (HO), 7 234 mu (log 4-0), 5-74 Pp -unsat 


) 


H. 6:5, OCH,, 42:3; Cale. for C, 49-54; H, 6-47; 


? - 3: 6-Trimethylascorbic acid e negative Fehling and ferric chloride tests 

To solution of 3-2 mg of 2 : 3 : 6-trimethylascorbic acid in 10-0 ml of 40 
aqueous ethanol was added 5 drops of 5°, aqueous potassium hydroxide and the 
solution was heated to 90° for | hr. The ultraviolet spectrum of this solution showed 
only a shoulder at 233 ma, adjacent to terminal absorption This solution was 


\ ) icid an . Zz nf at 25 


3-6-trimethylascorbic acid (0-047 mmole) in 1-0 MI 


of 1 N potassium hydroxide was heated on a steam bath for 10 min. The solution 


was diluted with 3-0 ml of water and heating was continued for an additional 20 min 
rhe solution was cooled and adjusted to pH 7:5 with dilute acetic acid and sodium 
bicarbonate solutions. To the slightly basic solution was added 5-0 ml of a 0-08 M 


to 10-0 ml 


solution of sodium metaperiodate and the total volume was made up 
After 2 hr the excess of periodate was determined by the usual sodium arsenite—iodine 


titration method, and 1-1 moles of periodate per mole of trimethylascorbic acid were 


found to have been consumed 


21-Methoxyprogesterone | Run 6) 
Toa stirred solution of 0-100 g(0-3 mmole) of desoxycorticosterone, m.p 136—138. 
in 5-0 ml of methylene chloride, containing 0-1 ml (1-9 mole °,) of FBA solution A, 
was added over a period of 6 min 2°94 ml of a 0-342 M solution of DM in methylene 


chloride. The colorless reaction mixture was diluted with ether, filtered, washed with 


: 
nt 
nee acidified to pH2 with 5 drops of dilute 
234 mu (log « 4-0) 
Se Periodate cleavage of 2:3:6-trimethylascorbic acid 
| 
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aqueous sodium bicarbonate and water, and evaporated at reduced pressure (water 
aspirator). The residue was dried by the addition of benzene followed by evaporation 


again at reduced pressure. The infrared spectrum of the crude crystalline reaction 
product, m.p. 129-135", showed no band in the OH stretching region. The product 


was chromatographed on 4-0 g of acid-washed alumina. Benzene eluted a crystalline 


middle fraction, 0-020 g (19°, yield), m.p. 156-157", which on recrystallization from 
methanol afforded 0-014 ¢ (first crop) of the methyl ether, m.p. 158-5—159-5° (reported!4 


m.p. 161-165°, m.p. 162-163"), Aj. 240 my (log « 4:20); and 0-004 g (second 
crop), m.p. 156-158". An earlier fraction of 0-009 g, m.p. 143-145", eluted with 


1 : | benzene—petroleum ether (b.p. 60-68"), and a later fraction of 0-037 g, m.p. 


110-120", eluted with diethyl ether, also contained substantial proportions of the 


methyl ether, as evidenced by their ultraviolet and infrared spectra. The yield in this 


reaction can undoubtedly be improved by modifying the conditions 


j 


Testosterone methyl ether (Run 14) 


lo a stirred solution of 2-30 g (8-0 mmoles) of U.S.P. testosterone, m.p. 154-155", 


in 25-0 ml of methylene chloride, containing 0-1 ml of catalyst stock solution of 


0-200 © of concentrated FBA in 1-0 ml of dry diethyl ether, was added, at a rate of ca 


2-0 ml per min 20-0 ml of a 0-345 M solution of DM in methylene chloride. This 


solution was kept cold during the addition by means of a “cold finger”’ filled with 


Dry Ice, which was immersed in the dropping funnel containing the DM solution. 


After the addition was complete two further 0-1 ml portions of catalyst solution were 


introduced at 5-min intervals, followed by a further 3l-ml portion of DM solution. 
The total amounts of DM was thus 17°6 mmoles, and of FBA, 0°68 mmole. The 


reaction mixture was stirred for 20 min after addition of DM was complete. It was 


diluted with methylene chloride, filtered, the filtrate was washed with water. aqueous 


sodium bicarbonate, and water, and dried over anhydrous sodium sulfate. The 


solvent was removed at reduced pressure to afford 2-42 g of a pale yellow viscous 


syrup, A... 241 my (log « 4:1). The infrared spectrum showed only a slight band in 


the OH stretching region. The crude methylation product was chromatographed on 


120 ¢ of Florisil on a 30 400 mm column. The middle fractions eluted with | : 99 


to | : 32 


acetone—petroleum ether (b.p. 60-68") afforded a total of 0-477 g of prisms, 


m.p. 112-115 Crystallization from ethyl aceiate—petroleum ether (b.p. 60-68") 


gave 0-378 g (first crop) of prisms, m.p. 126°6-126°9°. Recrystallization from the 


same solvent mixture yielded 0-287 ¢ of prisms, m.p. 127-127-5°, [x] 196-3 
(CHCI,), 241 my (log 4:22), 5°99 (C=O), 618 (C=C), 9-09 
(ether—O—) 

(Found: C, 79:2; H, 9-7; OCH, 10°6; Calc. for C,,Hs,0.: C, 79-42; H, 10-0; 
OCH,, 10°26°,) 

Earlier fractions, amounting to 0-150 g, m.p. 105—112°, that were eluted from the 


column with 1 : 99 acetone—petroleum ether (b.p. 60-68"), and a later fraction, 


amounting to 0-080 g, m.p. 103-108", eluted with a | : 36 ratio of the same solvents, 


were combined with the total residues from the crystallizations described above and 


rechromatographed. An additional 0-259g of recrystallized tetosterone methyl 


ether, m.p. 127—127-5° was thus obtained (total yield 22°5%). Later fractions from 


14C. Meystre and A. Wettstein, Helv. Chim. Acta 30, 1256 (1947); H. Heusser, C. R. Engel and P. A. 
*lattner, 32, 2475 (1949) 
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the original chromatogram that were eluted with | : 13 acetone—petroleum ether 
(b.p. 60-68") afforded 0-669 ¢ of starting material, m.p. 146-148, which after 


recrystallization from acetone gave 0-510 g, m.p. 152 


}-Estradiol dimethyl ether (Run 22) 


To a stirred suspension of 0 136 2 (0-5 mmole) of estradiol, m.p. 175—177>, in 


25-0 ml of methylene chloride, containing 0-25 ml of FBA solution A, was added 


over a total period of 17 min. 10-5 ml of a 0-445 M solution of DM in methylene 


chloride. followed by a further portion of 0-1 ml of FBA solution A and 13-5 ml 
of the DM solution. A considerable amount of amorphous polymethylene, which 
was present in the colorless reaction mixture, was removed by filtration and washed 
with methylene chloride The combined filtrat were Wa ed with aqueous sodium 
bicarbonate, potassium hydrox de. and water. and dried over anhydrous sodium 


sulfate 


irom 


and 0-023 of needles (second crop), m.p. 150-152 wo ft 
latter material from absolute ethanol afforded 0-012 f les. m.] « « 
The total vield of | / ad d net etner ol ood lit Wi SU A fu t! 
recrystallization of the combined crop t S&-5 of needle 
m.p. 160°5—162 (reported m.p. 161-162°). A control experiment, under identica 

; conditions, but without the FBA cat st, aflorded complete recover! if the | 


estradiol 


th 
é 
loa stirred soli on ot (rs m | ol droxybi m.p 163 


of 9 


amorp 


chloride Col gd filtra were 


solution and w 


ren 


va 


chloride 


(second Crop) 


there Was ered \ acid Cauion 


p-hydroxybiphe 


The methviation of 1:3:5-xvlenol, m.p. 63— was carricd out under con- 


ditions based on 


B 


fam absolute ethanol to afford 0-108 g¢ of needles (first crop), m.p. 157:3—158-5., 
ed in 12-0 ml! of methylene chloride, which contained 0-15 mi of FBA solution A, was 
; added 12-0 ml of a 0-445 M solutio1 f DM in methylene chloride over a period 
Ea Ge min. The colork reaction mixture, conta a considerable amount ol 
gum hous polymethylene, was filtered and tl lid was wi d with methylen 
wilh aqucou dium bicarbonate 
ith water and dricd over anhydrous sodium sullat yivent was 
mamoved at reduced | ce. and the du asd ted with 5 aqueous potassium 
The u portion was washed with water, disso 1 in methylene 
gh 2 , and the solution was dried o nhydrous sodium sulfate. Evaporatior 
of the solvent at reduced ire left O-O38 (41 dg) of « plates, m.p 
ia: 78-80 The p-methoxybiphenyl was purified by recryst ration from ethanol to 
- 
give 0-022 (first crop) of plates, m.p. 55 reported m.p. 90°), and O-O1. 
plates, m.p. 74-76 . From the potassiun droxide solution 
snd extraction 0-045 (5 recovery) of 
1-Methoxy-3 :5-xviene (Run 26) 
4 BEES the preceding experiment, using the amounts of reagents given in 
A. Werner, Low W M.K K.R 4. N H.H \. Sc r,H 
Schwabacher and A. Grot 322. 
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fable 1. The methylation mixture, after removal of the solvent, was subjected to 


v.p.c. on a 40 ft column of 20 Dow Corning 550 Fluid on Johns—Manville C22 
| 


firebrick. The separation of the unchanged | : 3 : 5-xylenol from its methyl ether 
was not complete. The relative peak areas were estimated to be in the ratio 
| :3:5-xylenol |-methoxy-3 S-xylene 

{chnowledeme We are indebted to the University of Wisconsin Research ¢ ommiuttee for supporting 
a portion of s work from funds provided by the Wisconsin Alumni Research Foundation: to 
Professor Ha 1 L. Goering Mr. Donald W. Larsen for preliminary analyses by vapor phase 
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TABLE | 
Hvdroxvperinapithenones 
( p B Nujol 
H 4 
X 600 (broad) 
LiAlH XI] R Hi 42 
p x | 
\ XI: R H 
‘ B, (XI: R= M 
— 
D. H. R. Barton. P. de Mayo, G. A. M W.H.S H.R k, Ch $2 (1956) 
‘R.G. Cook Ww. Se 8, 107, 4 R. G. Cooke, J W. Seg 
Ibid. 11, 230 (1958 
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Our attention was next turned to the oxidative degradation of atrovenetin itself 
in an endeavour to determine whether the ether bridge was attached to ring C or 
ring B, (111). By very brief oxidation with alkaline hydrogen peroxide followed by 
chromatography on paper powder a substance, C,,H,gO,, was obtained. This was 
optically active, could also be prepared by chromic acid oxidation of deoxyherqueinone 
and gave a diacetate on mild acetylation. This compound was assigned the part 
structure (IV: R R H) for the following reasons. First, the infra-red spectrum 


~ 


3) showed carbonyl bonds close to those found for 7-dihydroxynaphthalic 


anhydride (V: R H), whilst those of the corresponding diacetate closely resembled 


bonds in the spectrum of 2:7-diacetoxynaphthali nhydride (V: 
al hydride itself 
ds 
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No evidence has yet been offered to distinguish between the alternative represen- 


tations of the ether ring in( VIII). Thus in one formulation (VIII; R = Me; R’ = R" 


H) there is a hydrogen on the carbon atom to which the ethereal oxygen is attached, 


whilst in the other (VIII: R R" H: R Me) there is not. Dr. L. M. Jackman, 
to whom we express our best thanks, very kindly determined and interpreted the NMR 


spectrum of the phenol (VIII) in saturated pyridine solution (for calibration etc. see 
Experimental). There were signals at 1222 and 1218 (gem.-dimethyl) and 1134 
(aromatic methyl) c.p.s. In addition there was a doublet (J 6°5 c.p.s) at 1209 and 
a weak quartet (J 6°5 c.p.s) at 1066 ¢ p.s The 1066 c p.s signal is attributed to 
the proton (R') attached to the same carbon atom a 1 atom and the doublet 
| group attached to this same carbon atom by the proton 


the structure (VIII; R : ts resonance frequency 
etate.4* Similarly 


1 accord witl 
being close 
the doublet at 1209 hyl group of the ethyl 
residue of ethylacet he correctness of the formulation 


(VIII; R Me; 


From these facts a unique structure for atrovenetin (IX or, of course, an equivalent 
tautomer) necessarily follows. The constitution (IX) accounts also for certain addi- 


By zinc dust distillation of atrovenetin Ne 


tional observations ll and Raistrick! 
pyrene. On the basis of (IX) this ts 
cleavage of the ethet followed by cyclisation onto the p ri-posivion The loss of methyl 
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groups necessarily involved finds analogy in the chemistry of terramycir 
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nature of certain of its transformation products. By the application of a number of 


methylation techniques Neill and Raistrick' prepared a large number of methyl ethers, 


the various interconversions being summarised below. 


Monomethyl Ether B < Atrovenetin 
Me,SO, > Tetramethy! Ether B 


CH.N 
CH.N. | CH.N, | Mel 
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A. E. Oy H.R ch 33, 240 (1939 > 
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three methoxyl groups the reaction must be interpreted as a hydrogenolysis induced 
by 1:2- or 1:4-hydride addition followed by /-elimination. In confirmation of this 
both substances showed carbonyl bands (Table 1) indicative of a perinaphthenone. 
It follows that (XVa) or (XVb) and (XVla) or (XVIb) may be written for the hydride 


but the 


since deoxy! Crauuel now to be repre- 


sented as(X: R n at witl ss of the methoxyl group it follows 
nethoxyl group must 
‘din ring lution of 


diazomethane in methyle lorid is been found netin ‘orange’ 


trimethyl ether (XII \ - it llows that deoxyherqueinone must be 
represented by (XVII Me) or by (XVII; R e H). Deoxy- 


lerquemone Is not identical with either he atrovenet 


The biogenesis of atrovenetin calls for ne comm<é as found in 
xanthoherquel as has been 


| 


postulated for the occurring anthr: nones and related 


m-hydroxylated aromatic substances 1¢@ Manner in the poly- 

-diketone chain 1s envisage indicated in (XVIII) 1e al side chain of 

atrovenetin is also very unusual and requires comment. Of aromatic natural products 


of established constitution,’ containing an isoprene side chain the overwhelming 


majority have this unit attached to the aromatic nucleus by the terminal (C,) carbon 
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oo... a Herqueinone (50 meg acetic acid (100 ml) was treated wit solution of bromine 
I n no | e occ el further ur. Iso- 
5 
(Fe ( »-95: H Br, 17-5: OM C—M C.,,H,,O-Br requires 
( 4 B OMe, Me 
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H. 4 B ( ().] H.4 B fra- 
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the product cryst ed trom the solution to ifter cry ition fri icetic 
acid moa neti p. 232 (Found: ¢ 4-45: H,4-35: Br, 19-4. C,.H,-O,Br 
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in a nitrogen atmosphere tor ZU mi After tration the acetic acid was removed in 
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C, 65°25; H, 5-65; Ac, 20-2; C.,H.,O, requires: C, 65-45: 
(a) 
mixed m.p.). 
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Deoxynorherqueinone triacetate (Atrovenetin triacetate) 
nor Herqueinone (354 mg) in pvridine (12 ml) and acetic acid (30 ml) was shaken 


with Zinc ixture Wi to water and the 


produc yhous residue remaining after removal of 
the sols This was washed with acetone and 
The deoxynorherqueinone complex 


anhvdride (4 ml), 


deoxynor- 


used 


(298 ta vel With rial mi a d ICCLIC 


slow 


70° (c 0-57). (Found 


14 S46 


llowed by 

ctroicum 
agques 


298-301 my 


(Found 


106°. 

al the authentic 
‘<<ol were supe! sable n of the decarboxylated product 


stallisation from methanol, the 
Calc. for N, 16° ). 


Preparation of the methyl ether of 2:4:6-trinitro-7 -cresol gave material identical in 


with 
methyi ether, n 


every respect with the above-mentioned methyl ethet 


Nitric acid oxidation of norxanthoherquein 


nor Xanthoherquein (235 me) was heated on the steam bath for 70 min with conc 


nitric acid (10 ml). Isolation of the product in the manner described in the oxidation 


Rewsz and Pilps ashes te 50, 335 (1928) 


: 
> 
herqueinone triacetate: m.p. et ime 
C. 63-75: H, 5-4: Ac, 27-4. Calc. for C,,H,,O,: C, 64-1; H, 5- 
The n f the compound w undepressed on ad xture with atrovenetin triacetate 
a m.p. 185-7", [2 73° (c 0-70). The ultra-violet spectra (Table 2) were superposable 
as were the ifra-red nectra bot no Cl rotorm Powder! dillraction 
photog! iphs were kind LAKC Dr. J. ¢ (Giasgow) u 
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ee (a) Xantho (170 d con t cid (5 mi) eated together on tae 
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sol wot ethel After remo\ the sotvent the clic il cd etner- 
he ition ) throug ort {2 oft ca tall ition from 
: 4 benz« t petrok nitrococussic acid (II; R m.p. 179-180 
on Calc. for C.H,N,O,: C, 33-45: H 1S: N, 14°65 I ompound gave a yellow- Le 
e brow c our wit i¢ c chioride and showed Dands al 480 and |/20 cm in tne rae 
= infra-red spectrun 
(b) Xanthones (ll2n was I ted on tca bath with conc nitric acid 
(5 ml) for of prod ct de } dj ul section (a) 
solut throu tc g) of alu nd crystallisation fi 
methanol | (Il: R= Me) mp. 135-6", Amax my 
(log (cf R R Me, R H, / 309 mu (lo 3-35 
C. 3&1: H. 3:3: N. 130: OMe, 19-25. C,,H,sO,N, requires: C, H, N, 
ae 13-3: 2(OMe) 19°38 I he teria e no colour with ferric chloride and showed 
a 1 band +} nfra-red spectrul it 1740 cn Decal xvlation of nitrococussic acid, 
as as described by Liebermann and van Dorp,” gave £:4:6-trinitro-m-cresol, m.p 104 
real diazomethane gave, altel 
20.00 i} nad 16-05 
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of xanthoherquein gave material, m.p. 180-181 (decomp, sealed capillary) unde- 
pressed on admixture with nitrococussic acid. Methylation with ethereal diazo- 


methane gave material m.p. 134-5’, undepressed on admixture with the methylation 


product of nitrococussic acid 


The anhydride (X: R R H) 


(a) Atrovenetin (100 mg) was dissolved in boiling absolute alcohol (100 ml), the 


solution cooled to O° and sodium hydroxide solution (4 N: 18 ml) added. followed 


rapidly by hydrogen peroxide (30°%,; 18 ml) and water (20 ml). After standing 5 min 
at O° the excess peroxide was destroyed with platinum catalyst, and hydrochloric acid 


(6 N) added to adjust the nH to 3-4 The mixture was then diluted with saturated 


loride solution and repeated! extracted with ether | vaporall yn of the 


ammonium ch 


ether gave a red oily residue. This was applied to a cellulose“ column (35 cm 4 cm) 


in. and eluted with. the upper layer of the system obtained from n-butanol, benzene and 


aqucous immoniul carbo al and hvdrox de | N respect to each (1 49 50) 


The FONE fluoresced blue inager ultra-violet vas collected ind alter 


(c 0-18). The ultra-violet and Ira-red spectra were superposadie 


(c) The anhydride (X R Me R H)(36n W s added to refluxing } ridine 


hydrochloride (1.0 g) and the heating continued for 4 mu The residue 


I 


isolation in the usual way. followed by « aporauion Ol the solvent, was dissolved in 


benzene and filtered through a short column of silica to give the anhydride (X; R 


R H), m.p. and m.m.p. 254-255", [a]p 3° (c 0-51). The identity was confirmed 


by the identical infra-red spectra of the two samples 


(d) The anhydride (X; R H: R Me) (31 mg) was demethylated as described 
for the anhydride (X: R Me: R H) under (c) to give, after crystallisation from 
chloroform—light petroleum, the anhydride (X; R R H), m.p. and mixed m.p. 

L. Houg }. K. N. Jones, and W. H. Wadman, J. Chem. Soc. 2511 (1949) 


22 4. A. Thomas, Chim. Anal. 29, 15 (1947) 


: 
a removal of the solvent the residue was crystallized trom bdenzene-light petroicum and 
Ae chloroform-light petroleum to give the anhydride (X; R = R’ = H), m.p. 255-256°, 
[x ()-17) 4 107. WAN 611 (log 4-47 1? respect ely) 
(Found: C, 65-9; H, 5-0; requires: C, 65-85; H, 4-9°%). The compound did 
a not react wit od } arog card ite but gave a deep brown-red col r with 
etn ferric \ e resi vas oO ined the Thomas catex 
: Solut s of the ¢ mn ( ‘ b t blue iorescence under ultra-violet rht 
a Acetylat of the «¢ d (acetic anhydride ridine) gave, after isolat ind ; 
crvstallisatic from et icetate-| t petroleu the a: R Ac) 
m.p | ix] ( TR { | re pect | d 4 
C, 64:35: 4°85: Ac, 20-6: C,.H.,O, require C. 64-05: H. 4-9: 2Ac, 
Herg ne (99) Wa e 1) ad tic cid (25 ml) 
j j ‘ ol "TTT for OO | 
ang rte ad¢ ol Cc GuUSt was I ihe Zinc 
was then removed by filtration, the mixture ac fied with 6 N suly ric acid a the 
prec mit a I It | of] 1] | cis | . ited on the i] b and a 
soluti Ol chromi UT Th AQUCOUS ‘ d 2 1) ‘ agrop- 1 
wise over 30 min. Heating w continued over | r. After work p h ual 
way the product was ch tographed on ( lowed Dy cry sath rom 
chloroform-light petroleum, to give the anhydride (X; R = R’ = H), m.p. and m.m.p. : 
250-252°, 
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255-256", [2 78° (c 0-56). The identity was confirmed by the superposability of 


the ultra-violet and infra-red spectra 


The anhydride (X: R H: Me) 
(a) Atrovenetin ‘orange’ ver (510 mg) was dissolved in acetic acid (3 ml) 
100 Chromium trioxid mg) aqueous acetic ac d (85 23 ml) was added 
isolation in the 

silica { 1) 


nl) added 


ac cribed 


oxidation of 


Me) (20°81 
bat! After 
were eXa upper layer of the 
system n-butanol-acetic l-wate! he sectio yf e strips m the region 
R,. 0 that trococu d) was cut strips and eluted with boiling ethanol 
With an appropriate bla nd using t] ptical density at 380 my it was found that 
the ar lride (X gal times as much nitrococussic acid 
as did the anhydrid Me 

H 23 mg) was heated on the steam bath 
with conc nitric acid (61 ! hr. The gum obtained by isolation in the usual way 
; added in iso-propanol-ammonia (0-15 N) (4 : 1) to a column of cellulose powder 


2l cm viously washed with ethanol and with isopropanol-ammonia. 


The crvstalline fractions were combined and recrystallised from chloroform-light 


petroleum to give nitrococussic acid, identified by m.p., mixed m.p., ultra-violet and 


infra-red spectra 
(c) The anhydride (X: R Me: R H) (160 mg) was oxidised on the steam 


bath in conc nitric acid (5 ml) for | hr. Isolation of the product gave a gum which 


60 
Elution with ether-benzene (1 : 99) gave. after crystallisation trom 
petroleum, the an/ e(X: R=H: R Me), m.p. 235-236", +75° (c 0-58) 
ae [The xed m.p. with the anhydride (X: R Me: R H) was 212°], AAmax 233, : 
370 and T ) } ind 4-07 res ecll elv) (Found 
C, 66°5: H. 5-5: OMe. 9-15: C,,H,.O, requires: ¢ 6°65: H, 5-3: 1 OMe, 9-05") 
Seno (b) Atrovenetin tet thvi ether A (991 yw dissolved in acetic acid (2 ml) at rey oe 
100.” and chromium trpoxide im aqueou cet icid (84S 6 
as dropwise. Heating was continued for 2 hr. Isolation of the product as =a ae 
under (a) gave iter cry tion from chioroft ht petroleur the anhy« de 
bet (X: R =H: R’ = Me), identical in every respect with that obtained by ee 
Vit oxidation of a netin 
. Atrovenetin (103 1 )wa ted on tl tea hath for 2? hr with conc nitric acid eer ts 
; (5 ml) Isolation of 1 nroduct the ial wa an vhich w methvlated 
a with excess ethereal di ( e and 1 met ted de it n benzene-light Ba 
petroleum soluti (7 3) tered throug t colur of alumina. Re-chromato- 
oo eraphv on alumina gave methyl nitrococussate, m.p. and m.m.p. 133-135 
* Nitric acid oxidation of the anhy es(X: R Me: R H) and (X: R H;: R 
ea (a) The anhvdride (X: R Me: R H) and the anhydride (X: R H: R : 
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crystallised on titration with methanol. Crystallisation from chloroform-light petro- 


leum gave a compound, m.p. 215-225° (gas evolution), [%], +-161° (¢ 0-29), AAmax 231 
and 321 my (log e, 4°50 and 3-74 respectively). (Found: C, 52°9; H, 4-45; N, 3-3; 


OMe, 7:2: C,.H,-¢ dig requires C, 53-05; H, 4:2; N, 3°45; 


Base treatment of the phthalide (V\I1: R 
The phthalide (VIII »» R R H) (104 mg) in ethanol (5 ml) was 
idded to water (5 ml) « ining sodium hydroxide solution (4 N; 30 drops). After 
10 min the solution was acidified (hydroc! loric ; i d the product tsolated with 
ether ie yellow gum tained on evaporation ¢ h - as methylated, in ethyl 
ethereal diazometha vaporation and crystallisation 


1-O8). 


245 
H. 4-05: OMe. 


Dimethoxyn: 
le (| 


hydrochloride 


isolated im the 
240, 285, 

ly) (Found: 

7 mg) on 

acetvlati acell anti 1d I he ‘ ay Alltel ry tallisation 
from chi n-lig etroleul ie diacetate >) (sealed 
capillary hy 330 al 343 (log 6 an respect ely) (Found 


Dimethyl 2:7-dimethoxynaphthalate 

7-Dimethoxynaphthalic anhydride (55 mg) was dissolved in aqueous sodium 
hydroxide (4 N: | 11) and water (9-5 ml). The solution was acidified at 0° and the 
precipitate collected immediatel\ The wet precipitate was suspended in methylene 


dichloride and methylated 


with ethereal diazomethane. Isolation of the product and 
crystallisation from chloroform-light petroleum gave dimethyl 2:7-dimethoxynaph- 
thalate, m.p. 128-130", AAmax 239, 308-13, 320, and 334 my (log e, 4 

3-74 respectively) (Found: C, 62-75; H,5-05; OMe, 40-7; C,,H,,O, requires: C, 63-15; 
H, 5-3; (4) OMe, 


from dry ether gave the methyi ester methyl ether, m.p. 125-—130°~, [alin 89° (c Zi 
295 mu (log ¢ 3-23) (Found: C, 49-75, H, 5-0; N, 6°65; OMe, 15-05; 
require C. 49-5: H. 4:9: N. 2 OMe, 15°05°.) 
2:7-Dimethoxynaphthalic anhydride (V: R Me) 
= 3 :&-Dimethoxyac iphthene quinone (504 mg) was dissolved in ethanol (3 ml) 
he oe and sodium hydroxide solution (4 N; 25 ml), hydrogen peroxide (30°; 25 ml) and 
aes water (35 ml) added. After standing 30 min the solution w cidified and the crystal- 
line precipitate Crvstallisat 1 from etl iene lycol the 1 gave -dimeth- 
oxynaphthalic ani le(V: R Me). m.p. 340-344", 5S mu 
a (log e, 4°58, 3-65 and 4:26 respectively) (Found: C, 65-05: 23-9. 
C,,H,,O,; require C, 65-1; H, 3-9; 2 OMe, 24-05%) 
2:7-Dihydroxynaphthalic anhydride (V;: R H) 
2:7 hthalic anhydride (40 mg) was added to refluxing pyridine 
1 the heating continued for a further 3 min. The product was 
Gum: H. 3:4. requires: C, 61-15; Hy, 3-2). 
= eee 23 H. Staudinger. H. Goldstein, and E. Schlenker, Helv. Chim. Acta 4, 342 (1921) 
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Methylation of deoxyherqueinone 


Deoxyherqueinone (153 mg) was treated in methylene dichloride with an excess of 


diazomethane in methylene dichloride solution and set aside for 20 hr. The red oil 
obtained on evaporation of the solvent was chromatographed on silica to give, after 
crystallisation from chloroform-light petroleum, atrovenetin orange trimethyl ether, 
m.p. 176-179", identical in all respects with an authentic specimen The m.p. was 


depressed to 135° on admixture with the yellow trimethyl ether (m.p. 163-169") 


{ckno ment—We 1 k the Gi nment nt ommittee the Royal Society and Imperia 
Chemical Industries I ted nanc nce A. M.) ack tl 
of a D.S.LR. M 


an neas 


j 
| 
eee Speerment of the ultra-violet absorption spectra of various derivatives of herqueinone 
it 
4 F 
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STUDIES ON ARGENTINE PLANTS—XVII* 
THE STRUCTURE OF FAGARINE I 


ComMiN and V. DEULOFEt 


Laboratorios de Quimica Orgat 


Abstract 


elucidated 


IN common with other species of the Rut e family, a number of alkaloids belonging 
to different chemical types | late n agara ill In 
leaves and twigs, the ft juin a -fagarine kimmianine and the 
protopine alkaloid llocryptopine («-fagarin id fagarine ave n found.'* 
From the bark, besides skimmianine and a//ocryptopine,' iporphine alkaloid, 
N-methyl-isocorydine, ha been | agarine mil alkaloid of 
unknown structure 
inform: 
Merck’s Labor ries in Darmstadt 
again obtained tl e base 
They 
its ultraviolet 
witl | 
considered 
ISOTMCTIC 
group. The diff 


the substituents 


that 
cryptopine (1 
of out of plane arom: irbon—hydrogen d rmati ibrations 
allocryptopine | a strong band at 2 : gion that has 
two vicinal hy ven ; ns (800-8060 cn 
ortho hydro; atoms ] ent in ring D o 
the spectru . that should not have « 
the aromatic rings Aand D. Another difference is found in 


ica, Facultad de Ciencias Exactas y Naturales 
ee Peru 222, Buenos Aires, Argentina 
( Rec ed 29 September 1958) 
—The structure of fagarine Il, an alkaloid from Fagara coco (Gill.) Enel.. has been 
through its transfor on into tetra-Nydro-pseudo DerbDerine 
| Kperiments reported here show that fagarine II has structure (1) The 
ric one (II), was 
th that of allo- : 
4 er, in the region 
the spectrum ol 
assigned to 
ise Iron he two 
Lola absent 1n 
yms in neither ol 
of 855-870 
F : * Part XVI: M.J. Ver ro, A. S. Cerezo, G. lacot ind V. Deulofeu, / 1 610, 57); 
{y { Ou ire. 46, 149 (1958 
G. V. Stuckert, / rat le O p. 109. Vol. 1. Cérdot ntir 
(1933): V. Deuk i} 9, 34 
V. Deulof R. Labrio Del ( 64, 2326 (1942) 
( E. Redema B. B. W ind G. A. A Ci 71. 1030 (1949 
M. Barilari and J. Comir { Ou { 43. 180 (1955) 
oe ee J. Comin and V. Deulofeu, J. Org. Chem. 19, 1774 (1954); Anal. Asoc. Quim. Arg. 43, 83 (1955 
63 
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ie 
= . 
: 


Studies on Argentine plants XVI 65 


1 :2:4:5-tetra substituted benzene derivatives.*:’ The spectrum of allo- 


assigned to 
cryptopine presents a band at 866 cm~' that should originate in the vibration of the 


two para hvdro ens a stronger in the spectrum of 


fagarine Il (864 cm itt iST rol en ‘710n, anotl band 1s 
The 


howing 


ind 
found 846 cn 
soOrpuon in (nos 


A and D hav t\ para ion tructure 


ihydro 


etrahydro- 


pseudoberbe lectrons 


| 
ty 
or Il) 
a aa To decide on the t ernatives, fagarine Il was transformed into the tetra 
berberine bas by apply r the met dda ned by Spiith and Posega in the 
ntl ryt nrotonitr : 
synthe of cot proto; 
Fagarine Il is I iced to e carbinol base (111) with sodium amalga the 
reduced alkaloid drated and cvyc aporat to dryne oO ts ntiy 
aL dic solution and the quaternary 1\ ga itl rdide ify 
ts a iodide by high vacuur ib itio! ded product that was identified by its 
re nfrared spectrum and mixed melting point tetrahydro-pseudoberberine (V) 
oe synthesized already by Hawo | 1 R l two x) ups of 
favar ire ocatec ms I) ‘ of ) ) usual 
, 
| oO} ib tituent | il ra | ind | up Dases 3 
ae Fagarine II has tl bstituent as corex hase that stood 
3 aionge nt respec | a va ) to the 
usual plac p ‘ e, phi qu e and 
naphthaphenanthridine groups of all 
Another point is the position of the hydrogen atom in carbon 14 of (#7! 
‘|. JB m The Infra-red Spectra of Con « M ‘ ». f M« ion, Londo 1954 R. Norman 
lo Or | Ww. W \ Ix, I cience, 
N 
L. Sp R. Po B 62, 1029 (192 
*R.D.H W. H. Perl |. Rani ( 86 (1924 
R.H.F.M sh R 168, 38 A 72. 4796 (1950 
A R. Rob or The S A Ont i| 1955 


Comin and V. DevuLorrt 


carbon hydric n bond is axial to both rings B and C, 


ch will be 1 in a preferential way in the 


(111) lo scudoberberine (V) This 


region 2700 to 


alkaloids and 
are 


structure, 


ee is in agreement with the ired spectrum of the last base in the es 
3000 « 
Wenkert d Rove e indole alkaloids, certain ne 
observed in the bands around 2800 n substances with a quinazolidinc 
‘ 
when ni [wo unazohdu rit I ne ase of tetrahydro- 
pseudoberb ore ta Fig. 3. It follows that it must 
ei ha n i } a dro itom to rings B and C with a trans union of the 
he torec tl alkaloids that have bec isolated [rol Fagara coco, 
H 
a F. Bohs W. Weise, H. S H. Hanke and E. Winterfeldt, Chem. Ber. 90, 653 (1957) 
E. Wenke D. K. Roycha ri, J. A Chem. Soc. 7%, 6417 (195¢ 
4 


Studies on Argentine plants—XVII 


can be explained by a common four substituted benzyl-isoquinoline, precursor (VI). 
he sub- 


Condensation by dehydrogenation can give rise to an aporphine base with t 
stituents in the places found in N-methyl isocorydine (VII). Condensation with a 


one carbon unit in ortho position to a substituent produces a protoberberine (\ IIT) 


that by oxidation can give rise to a//locryptopine (IX). If the condensation takes place 
in para to the same substituent, a tetrahydro-pseudoberberine (X) is produced, that 


This last type of condensation, that took 


should be the precursor of fagarine It (1) 
place in the laboratory, in the synthesis of tetrahydro-pseudoberberine,” 1s represented 


also in nature by the formation of coreximine 


EXPERIMENTAI 


Melting pot 
Tetrahydro-pseudoberberi fron (1) 
in! N H.SO, (200 i 


stirring 


2NH,SO 


with 


> N NaOH 


1dded and tl Kture heated er bath, 
; = SEE eee ven the evolution of hydrogen | practic eased. In order to keep the 
solution acid, Em, « ided from time to time during the operation, in total 125 ; 
The solution, separated from the mercury, ™ filtere Ter rht ilkaline th sodium 
EAs = hydrogen carbonate and again faint acid with 2 N H¢ I cid tion was evaporated to dryness, 
in the water bath at atm press heated furthe for | The residugmmas 
pee and extracted with ether to « ite all the 1 juate base I! eous solution was 
neutralized with 2 N H¢ thio fate (1 g (2 g) ad n the 
1 crysta ne conditior ite HT ert Cre ected 175 ISS 
Recryst: tion from wate creased the 1-205 t it eve ethiodide, 
4 undoubtedly a mixture, gave a correct e fo e an s not f fied (Four I , 
25-81: Cale. for C.,H.,NO,CH,I 25-13°.). The et ft erberine 
prepared Dy Haw Perk Ranku p. I el ic dec ed eating 
: at 280 (b temp) 0-02 press 
> 
A reddish sublimate s pre ced 1S) mo) and c et ed fron © ount of methanol 
After three crystal tions, need elte t 175-17¢ ere obtaine< The n ( ssion 
when mixed w ther ve OF te dro-pseudobDer De p. 
The infrared spectra of the o base " entic 
The ; le pre ed | e § Ne de ng f fagarine Ii, melted at 174°. (Haworth 
: Robinson and Rank rive m.p. 176.) 
ickno lzements—We t k Prof. R. D. H f kil f f ple of tetrahydro 
pseudoberberine, Dr. N. H. ¢ The S % Institute f Medic Resear¢ Ne Brunswick, 
New Jersey, for her help recording the IR-spectra, and to Atanor S.A. fo nt 
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BOND LENGTHS AND BOND ENERGIES IN 
CONJUGATION AND HYPERCONJUGATION* 


R. S. MULLIKEN 


Laboratory of Molecular Structure and Spectra, Department of Physics 


Dewar’s at ments to the effect that all evice e existence of ipp eciable effects 


Abstract 


cor igal imo ies mcon 


mation m 


rbon bond orbit ned It $s shown that the bond-iength shortenings predicted 


ory Ww | iS uSUaLTY nd that the corresponding 


nart! 
S$ party 


» deter 


mit 1, to supposed the States of hy e carbon 


resonance 


tion 


( 


bonds in 


of marked 


tions from ide: ind digor oridiza I tc posite directions for ¢ H and 


ip to explain why H 


bond energies but 


with a different bond yi h hybrid type of ¢ H C— C=C) bond. It ts shown that 


th du Oo sual s formu vn es differences yorid ty nac unplausible 


ye energy data for YO twisting, are discussed Dipheny! ind cis 


I i } ( clk or esonance and yOridization in dete ining the dipole 


1 reason to 


n support Of usual ct I Dbelicts as to the role of ciectron reson 


ance in charge dis i co ed and hyperconju ed olecules. Other evidence, inciuding 
dipole moments in agreement wit electron resonance eory predictions for molecules like fulvene 


iS Cited 


INTRODUCTION 


Dewar and Schmeising' have argued that the physical evidence usually cited in proof 


of z-electron delocalization as the cause of ordinary (sacrificial) conjugation and 


n ground states of unsaturated molecules is inconclusive; and 


hyperconjugation 


have gone further in an effort to show that the effects of z-electron resonance are 


* This work was assisted under a grant from the National Science Foundation 


! M.J.S. Dewar and A. N. Schmeising, Report at Conference on Hyperconjugation, Bloomington, Indiana, 


June. 1958. Tetrahedron 5, 166 (1959) 


iq A 
The University of Chicago, Ilinots 
7a (Received 21 November ) 
by up-to-date 7-clect 
he predicted lengthenings of C--C and C==C bonds are almost m It is concluded that Dewar i 7 
right in supp » he leneths of cor ed and perco gated ( C single bonds a 
. 
ee bond orbitals. However, there seems to De no justification ! Dewar’s assumption that =—__ ey 
shortenings are negligible. Te e forn fo e contributions of resonance and hybridiza 
are given so a similar formula for the shorte ol cor rated or hyperconjugated 
bonds are shortened less n ¢ C bonds involving supposedly s ir hybrid 
Rat! re! | bond energy formu e given whicl sume additivity of 
igh 
assumptions noweve are at tau evicc | ene e. 1onic-covaient resonance 
ent energies), especially in CH bonds. Dewar’s assumption that CH bond energies are essentially 
indep hydridizatior consequent conc n that observed stab ition energies in 
es conjugated systems are e entire o strenethened hybrid C—C bonds and not at all to z-electron 
reso > 4 fhic itt especiany if] View of the expected importance ol polar enc 
in CH bond: A tabdk predicted px energies for ¢ H and ¢ bonds various hybrid 
eg C—C a orbitals is given. The estimation of 7-clectron energy in C,H,, and of 7-electron conjugation : 
energy in butadiene, based 
butadt 
a ee moments of conjugated and hyperconjugated molecules are cussed. While any conc mc 
ted 
Ce te tical calc tion would st cases be extremely complicatec ere seems to be no 2:00 
Pe weg doub electron resonance makes important contrit ons. Very strong evidence fri eal 
and azuiene where no difierential nyOridizauion erects } d contribute, 
68 


involving isové 


long advocatec 


(1) Bond k 


shortened (fro 


butadiene,” 


(ahout 8/3 as} 


carbon atoms 


about 1-09 A. 


trig 


7m-electron res¢ 


had been assul 


jugation and | 


( C bonds tl 


\. Burawoy, 
Deso 
QO. Bast sen, | 
L. Pau H 
C. A. Rieke and 
mep. 15. I 
O. Bastiansen, | 
* J. R. Platt, J. Ci 


) these articles 
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Dewar cites the following types of evidence as inconclusive, for t 


1-46 A in CH, 


onal or dig 


increased s chi 
bonds, and tha 


conclusion reac 
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negligible in these systems, and much smaller than usually believed even in systems 


lent conjugation, such as benzene or the allyl radical. (Burawoy? has 
1 the idea that there is no such thing as z-electron resonance) 


le reasons given: 
neths. Although conjugated and hyperconjugated C—C bonds are 
n 1:54 A in C,H, to 1-501 1-48 + 0-01 A in 
C==CH, 1:38A in diacetylene, etc.) much more than 
nuch as) one would expect from observed C—H bond lengths with 
H lengths 


0-002 in acetaldehyde, 


in supposedly corresponding states of hybridization (C 


1-085 A, and 1-06 A in C,H,, C,H,, and C,H, respectively), this can be 


accounted for by assuming that the shortening of the carbon atom covalent radius for 


| 


C—C 


<d to explain the extra shortenings. 


H bonds, so that 
(Hitherto,* it 


than in C 


| 


hybridization “ater in 


rona IS 


mance is not neec 
ned that the shortening of the covalent radius of carbon, attributed to 


n C—C as in C—H 


bond shortening observed in con- 


iracter in the carbon bond orbital, is the same | 


the C— 


to this decrease in carbon orbital covalent 


I 


ta corresponding part of 


yperconjugation is due 


radius.) Moreover, the lengths of such C—C bonds for a given hybrid type are 
remarkably constant (e.g. in H.C—-C==CH, F,C—C=-CH, Me,C—-C==CH, H,C-—- 
N. etc.) Also, the lengths of CC and C=C bonds seem to be unaffected by ordinary 
conjugation or hyperconjugation. Finally, the trigonal trigonal C—C bond in 
octatetraene is 1-46 A although there can presumably be no appreciable z-electron 
delocalization since adjacent C=C bonds are twisted by 80 (Further, there 1s 
convincing spectroscopic evidence that alternation ol single and double bonds persists 
1s in, for example, the higher conjugated polyenes, without change from the lengths 
fs occurring in but idiene.”) Dewar c¢ icludes that the ¢ C lengths are completely 
explained by changes in covalent radi of carbon due to hybridization, and finds 
that the covalent radius is a “linear function of s character,’’ meaning that the shor- 
tening "to carbon qual to that from and so on. 
(2) Bond energies. Although extra stabilities of conjugated and hyperconjugated 
syste! disclosed by enet or the li rmulas based on addivity, are currently 
attributed to z-electron resonance stab tion, they can instead be consistently 
explained by assuming suitable increased eneths for C—C bonds whose bond 
orbitals are hybrids having more s character than in C,H,. However, the possibility 
of such an explanation depends on assuming that C—C bonds are strengthened more 
than ¢ H bonds by increased s character in the carbon bond orbitals; in fact 
Dewar assumes that ¢ H bonds are strengthened not at all (or negligibly), in for 
example C,H, and C,H, as compared with C,H,; he justifies this in terms of the 


hed in (1) that the carbon covalent radius is decreased much more in 


lan in ¢ H bonds by increased s character in the bond orbital. 


40, Henri Memor 


(1944) 


rm. S51, 434 (1944) Far a 
l 1948) 
inicatlo 
D. Sp iK.jJ.P I. Amer. Chi Soc. 61, 927 (1929) R. S. Mulliken, 
W. G. Bro J. Amer. CI Ss 63, 41 (1941 ( 4. Coulson, . Henri Memorial 
Yesoer, Liege (1948) 
Hedberg and K. Hedb 1. Chem. P! 27, 1311 (1957) 
rem. PI 25, 80 (1956); H. Krauch, J. Chem. P 28, 898 (1958); and references cited 
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70 
pole moments The 
ic, and me cetylene 
ee ned by the fact that the C-——C single bonds tn these molecules involve Bee | 
ering in hybrid character. hence tn electronegativity 
' of no red shifts on methyl ear alkvi 
ronic spectre electronic spectra snow red shiits On methy! alkyl) 
nexttoan tiple bond prove nothin woul 7-clectron hyperconjugative 
Bs ae yn in the grou tate, since an excited state 1s also involved. They are of ae 
ee istent with real z-delocalization effects in the excited state a. 
ci. fion rates Differences in 1 ction rates prove nothing about ground er 
aa. they are likely to be due to peculiarities of transition states or reaction 
ye the writer has pointed out the need to distinguish 
id 
n 
. 
te 
oak. reasons for believing, and some for disbelieving, that z-electron resonance ts ol a 
eee negligible importance in causing the observed phenomena in ordinary conjugation eS 
wi perconjugation (isovalent conjugation and hyperconjugation are not con- J 
re here). Rather, it appears that ctron resonance and other causes may be of oak st 
se comparable importance. Dewar's ¢ el has ina event made clear the impor a. EY 
tance ol caretul re-examination of the theoretical basis olf conjugation, hypercon- 
ee jugal ( nd relat d pheno ena 
: Boi Lei 
me B the factors governing 1 ’ t va f bond lengths are not well . 
ae understood theoreti The ne vod theoreti basis for the idea « n accu- 
rately \ nst nt agit al al al ne it 1s il ip ruicular 
ee definite bond orbit (or orbitals) \ survey of act bond lengt! ows that the 
~ values of the ¢ ent radius r, obtained for the H at in various bonds AH when 
27 the covalent radius of the A atom is taken as half the length of the bond in A—A 
Fron r_ (A) 
H 0-3 
ry CH in CH 0-3 
0-26 
HI 
HC] 23 
Hl 0-20 
R. S. M k K ence on Hyperconjugation, HEingto Indiana, 
Tetrahes 253 959) 
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In view of the rather sketchy basis for the assumption that a given bond orbital 
should have a fixed “bond radius”, Dewar’s proposal that the bond radii of carbon 
for “trigonal” and “digonal” bond orbitals are considerably smaller in C—C than in 


C—H bonds cannot be considered very unreasonable. 


Hybridization and bond lengths 


\ rather plausible alternative is the possibility that the actual state of hybridization 


is not the same for “trigonal” “digonal” carbon in ¢ H as in C—C bonds. The 


observed bond lengt! hose C bonds should first be corrected for 7-electron 


resonance, see | yw) ht be consistently understood if in (¢ H and C—C bonds 
both deviate fro1 ue trigonal or digor hybridization in the direction of tetrahedral 
hybridization. but with a great viation (less s and more haracter) in the ¢ H 
hx nds cll aroon o bital y either 
tetrahedral trigonal 1 digonal u lations, has 


little to rec 


e 


Bonh 


1-48, as comparec 


é 
MEE ommend it beyond simplicity 
- an The belief in trigonal orbitals u ( situations is based on the fact that observed 
i carb orbit: extend t in the direct of the bonds and (2) that the overall 
conclud that 1 carbon ort of ree DondS are ec ind so, 
the cessal rid ever, actual bond a en deviate 
: For eC | r molecule wit D I Cs ( OT CS the 
following equations for hybridizati ratio ina yorid ital 
(1) 
where a Te | carbon D OFD the gicated Dy 
the figur Accord to recent careful deter ions for et I 3 
R ¢ ( C is 1°33 0-003 A, and R is 1-OS¢ 0-003 A (Allen and Plyler*), 
or 2 116 R 1-334 0-003 A, R 1-OS5S 0-005 A (Bartell and F 
Mm”). Taking 117 121-5°, one obtains / 29 and 
H.C. A J E. K.P r,J.A ‘ 80, 2 194 
B R.A. B i j 27. 1414 s7). ) f 
‘try 
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hybrids. This indicate 


tetrahedra 


digonal 


2 
5 Mees that the C—H bond is intermediate between trigonal and ee 

|. although nearer the former, and the bond between trigonal and 

although nearer the former 

In ethylene es. the teratul indicates ou me si a pr bably — 

await verification with the modern tec q fore reaching fina NCIUSIONS) 
that s ler values of = t 0°, and lar the 1 rather cee Ss 

than the exceptior For | 1B n 

tetrahedral) for the ¢ bond 

the carbon ato to ive | ro 7 tcl pond if 

109° 28 ) and two ot perpendK piane to for the d. 
be called ar d tw ctror ody a populat distribution 
cae toa tructure, | ded (since t ctron contril O00 to the p population) ae 
and c bonds Ihe act ( tructur nd its derival ipparently 

ire « pro bet ructul t dis d d the 120°—ar tructure 

a. with three equi ent orbit Usu ‘ ind to represent ind 

orbitals « describe the first structure either as ( is 

a ( and 1 econd in a ir wa ( ( 
of CH.CHO ts id HCC, CCO, and HCO of the HCO 

for p d for p | rence b ( H and ¢ C bonds 

here 1s striku t! orbital in CH Nearer to fe thal 

that in ¢ ( Cl tthe mors cter than 

In linear ecul ctures a— nd cal no guidance 

(although per ps force tants rep | 

(>) 

If the bonds C—a and are equivalent, then both are digonal ) The 
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structure 1s di di, equivalent to di On the other 


hand, the bent- 


bond 
bonds 
would. 


ny te 


72 
4 
lo. i bond model using tetrahedral orbitals te—( e is equivalent to te— p*, the 
e 
_ 2. a o orbital of the ¢ bond having even more s character than di. Although variations 
4 actua lecul e bet I e of tl Ca GIscus ed 
We | sl carbon aton bit ne C—H and C—C single bonds in 
unsaturated syst sri ld depart t lifierent extents f1 I trigonal or digonal 
1 | SUC! diff ld perhaps Occ rit tne tlerent iect! ral ities 
of H Is and ¢ nd rhbitals, or becaus re of the two assumptions made at 
the outset of the forego discussion. A ption (1) is essentially that single bonds ; 
ite bent b na wit! inc ob I ten ot which cv 
j pi re tap my B | tro! ) LD nd ire Loiel ited in < ( opropane 
and in dk b ne | d whic ( ( in terms eguivaiel 
orbitals is used not tne Cul sO in ordinary sing] 

a4 Fo examp! n etl el { princi maximum overlap of bond orbitals : 

it sc H at to be local S\ iry axes of the 
hybrid DOI ort ) nonbdonded rey between H atoms! ht displace 
“i them from these locatior nd there se¢ to be reason why the hybridizations 
~~ should change to acco1 date to tl changed locations. With regard to 

7 assumption (2), we ki it actual carbor ence atom states are partially s*p” 

1} litt on! larit 
ae (and p"), not a d oa ind sp* due to polarity of CH 
bonds It seems ent p ble that | re of the two assumptions just discussed 
may be responsible | ( ppreciab ct ich also iv differ for (¢ H and 
( ( b ds and ead to ¢ ‘ C in <« ) roilal rid ¢ iracter and D ynd z 
lengths in the two case 
W the preced disc ion | ed to litt n the way of positive conclusions, 
it underlines the danger nf « d explanations which do not consider all 
factors. A really f ind clear understand of bond lengths | probably not be 
available until accurate wave functions have been obtained by extensive quantum- . 
mecnanical Caiculath 
Howeve it does seem possible to reac yme [all delinite conc ions adout the 
character of accompany bonds d lot ent nt t theor of z-electron 
bonds result in sor it stronger 7-clectr esonance 
Dew: account ( Cb ag i marized in the Intr duction, is 
the advantag: ind dangers) of apparently also feels that the 
empiric observed consta s of ¢ ( d of ¢ C and ¢ ( yond lengths ; 
thor rn < | rer rot ror wir wh il 
one would expect fro electron resonance theory. A careful examination of the 1 
H. H. \ ( 4 16, 98 M. Kota K.S P P Math. Soc. 

19,4 


ct overlap), designed to correct 


tne LCAO-SCI method, five 
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nco;ry < ine predicted ¢ cts Ol 
‘ if AYO 
\ 
\ ( 
P 0-54 46, 1-35 
B AIM g 020? 1-24 
reso! on-carbon } liicke ssumed it 
i funct j Slater—-AO 
‘ ( vi ctron-core 
since Lo nt nd orders (Table |, footnote*) 
Later comy ns (Pople, Kon, Moser, Berry AIM, (atoms-in-molecules)) by the 
Pariser—Part ds ethods (all for nev! 
| 
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in particular bond orders, whicl e well with those of Parr and 


coefficients 


Mulliken al OGS LAKG nt I rol interactions, 


for 


and Mulliken c: 


the results of tl 


bonds 
shortenin 
1-38 A, one 


compared wit 
be made. 


A: 
A 


1-5] and | ) f ie “natural 


In a similar 
For the ¢ 
for the C—C bond 
Using observed bond 
lengths” of the respectivel) C bonds 

The foregoing estimates of z-electron resonance shortening in ordinary conjuga- 
tion and hyperconjugation suggest that observed shortenings should be expressible 


vaiues 
AO's 


computed 


R. S. Ber 


Bond 5 

3 

it would seem that One can place consideraDdile ¢ the resulting Dond orders 

a net as substantially corre¢ Moser’s result of 0-975 for the ¢ C bonds and 0-21 for the 

( bond av be take iS representalive 

ee cnt Further refinements tn t theory might of course alter one’s opinion somewhat 
Dewar has sted that more accurate allowance interelectror rep ns and 

clation enc! (as wn e.g. by configuration interaction) than in the Parr 
|culation: t reduce the C—C bond order to nearly zero. However, 
Ec Vario equent calculatior sted in Table 1, indicate that these 

JOL effects are of minor imp nc In fact. a recent et lished ana s by Berry ‘ 
ol Wave | | Te pre obt . | I 4 I | | tc I icll mn 
actually increases the amount of double bond character in the central bond in buta- 
diene. as compared wit le-deter nt function ’ 

ee Given the Coulson bond orders, one ca tandard bond-order bond-length : 

for pre rposes.) | the C—C bond ne obtau yredicted shoitening 
Ss of 0-04 A ng the C— d of the curve ( d on C,H,) pel 035 A in view 
: er. of the evidence 1 ler ft ( ( nd it shorter 
ee than fora ( C bond. (Here and f1 I point on, the s , and di 
shor ld he | ent I il | ‘ Cal na neer- 
Be tainties outlined in the iphs above on “H d Bond Lengths.”) 
With correct il C and Ch 123 
O-Ol and 1-33 \ nstead ed +} sum- 
ed | ible | Lik ted 4 ‘ nd ) De I and 
the predicted deloc rt d 0-03 A. ‘natural 
leneth” of a r ( { d tl ( out t 5] O-OL A 
In the ; ce of any | Parr or LCAO-SCF cak rr diacetvlene. 
one can est o Tabk e earlier 
i results (Hiickel, M Riecke-Brow d be ( d calculation 
The so estimated hond ’ ire. 0-43 { the ¢ C bonds 1 1.047 for 1 ( ( 
Us the bond-order bond-length cur the predicted delocalization 
for the (¢ C bond is then about 0-07 A. With a1 leneth of 
obtains a “natural leneth” for a di-di (¢ C bond of about 1-45 A, as 

inate nad j j oree ver los Ww n 

* Incident vy, the s yrter obtained ) i ve \ tl 

theoretically by ) charge ce nds « a \ aoa 
: ‘ry, J. Chem. Phys. 26 1660 (1957) 
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as a sum of resonance and hybridization shortenings of comparable magnitude 


Table 2 shows that formulas based on this idea give good agreement with observed 


shortenings, especially when allowance is made for the fact that molecules having 


the same bond pattern do not always show the same shortening within experimental 


error. The coefficients in the formulas used in Table 2 attribute roughly 40 per cent of 


observed shortenings to z-electron resonance, 60 per cent to hybridization. The 


observed shortenings in Table 2 A are respectively somewhat higher or lower than the 


calculated for the hyperconjugated type te-ir and the conjugated type tr-tr. How- 


ever. the observed values in each case are based on a single molecule. In the hyper- 


conjugated case, the bond angles for CH,HCO indicate more than ir s character in 


the “rr” orbital (see discussion in an earlier paragraph), which perhaps explains the 


large observed AR. (Already earlier, Mulliken suggested 0-03 A hybridization 


shortening in butadiene.) 


CH (7 r) 0-0? 0-043 0-002 H.CCHO only 
H,C— 0-05 0-03 0-08 0-084 CH,CN, CH,C==CH 
H¢ CH 0-04 O35 0-061 Butadiene 


HC 0-001 oO CH CH 
) ) 0-001 HH. CH ( N 
0-001 N=< ( CH 


0-00] 


or internal) and hyper- 


(lor CH, terminal) shortenings of cur ited ¢ ( bonds are expected 


conjugative 


and observed. Both resonance and hybridization shortenings might reasonably be 


expected to be smaller than for ¢ C bonds, because the bond in a C=C bond is 


already under compression by the 7 bond A nlausible formula in line with this 


expectation reproduces observed shortenings 


It appears likely that observed conjugation and hyperconjugation shortenings, 


even after all have been brought to the highest possible accuracy, will not in them- 


selves provide definitive evidence as to the relative importance of resonance and 


R. S. Mulliken, J. Chem. P/ 23, 2343 (1955 23, 1841 (1955) 


6 
Taste 2. S RTENINGS (A.U.) oF TED BONDS 
4 C—CB 
( ed \R(A.U.) Observed 
ar \ \ \R Molecules 
4 
etc 
B. CB 
H.C 0-018 0-03 0-02 — Allene 
( ( \ \ 
CoO } Hit ( 0 \ 
} B.S fl 0 WS A.l or be Butadiene 
: 
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hybridization. We will probably have to be guided by theory. But in any event 
there seems to be no inconsistency between observed shortenings and present pre- 
dictions of theory. However, LCAO-SCF calculations on 7 bond orders will be 
desirable in the several cases, other than =-C—-C= in butadiene, where they have not 
yet been made. 

Although the symbols fe, tr, and di in Table 2 refer ostensibly to tetrahedral, 
trigonal, and digonal hybrids, it is well to keep constantly in mind that the actual 
hybrids involved may be rather different 

Turning now from the inner or acceptor bonds to the outer or donor bonds in 
conjugation and hyperconjugation, the usual z-electron theory predicts that if the 
former are shortened by resonance, the latter should be somewhat lengthened. For 
the case of butadiene, one may refer to the ab bond orders in Table 2, and then use 
the bond-order bond-length curve to find the predicted lengthening of the CC bonds. 
With the Mulliken-Parr or Moser bond order, the predicted lengthening is only 
0-004 A, as contrasted with 0-02 A if one had used the bond order from the Hiickel 
calculation. Similarly, the C=C bond order 1-947 estimated above for diacetylene 
corresponds to a predicted lengthening of only 0-006 A from the C=C length in 
acetylene. Thus the presently predicted bond order changes for multiple bonds in 
conjugation (all the more so in hyperconjugation) are comparable with experimental 
error, in contrast to the Hiickel predictions which were laige enough to furnish 
Burawoy* with what seemed a serious objection to z-electron resonance theory. 

But even the small predicted increases just indicated for the lengths of multiple 
bonds should in fact be reduced(or possiblyeven changed to small decreases)in a more 
accurate z-electron theory treatment. Very briefly, the argument runs as follows.* 
In a conjugated molecule such as butadiene, if there were no z-electron resonance, 
the juxtaposition of two double bonds would introduce according to VB theory a 
nonbonded repulsion between the adjacent 7 electrons at opposite ends of the single 
bond. As compared with an isolated double bond as in ethylene, this would increase 
the z-electron density within each double bond somewhat, and so strengthen and no 
doubt shorten it correspondingly Although no VB calculations are available, 
LCAO-MO calculations show that in the assumed absence of z-electron resonance, 
the “overlap populations” in the C--C bonds in butadiene are distinctly greater than 
those in ethylene.” This result appears to confirm the statement just made in terms 
of VB theory. However, z-electron resonance tends to reverse this shortening effect 
on the C==C bonds by transferring some z-electron density into the C—€ bond, and 
the net result of both effects may well be either a slight shortening or a slight lengthen- 
ing, or almost no change, of the C--C bond length as compared with ethylene. 
Similar considerations apply for the lengths of conjugated triple bonds as compared 
with the C=C bond in acetylene 

In all of the preceding discussion, nothing has been said about o-electron delocali- 
zation effects. These of course must have had some effect on the “natural” lengths of 
all C—C bonds, but this point need not seriously concern us if we are interested 
primarily in z-electron delocalization (resonance) effects. Also, there is no obvious 
reason why o-delocalization effects should be much different for different kinds of 


C—C bonds. 


* A full explanation of the small but interesting effect in question would be rather lengthy, and will be 


reserved for a separate paper 


an 
| 
lie 
* 
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More relevant is the fact that second-order 7, and/or 7, hyperconjugative reson- 


y present for C—C bonds whenever corresponding conjuga- 


ance should be universa 


tive or first-order hyperconjugative resonance ts absent. This must be kept in mind in 


connection with “natural lengths” of ¢ C bonds discussed above following Table | 


To be consistent. the true natural length of te-te C—-C bonds, as in C,H,, must be 


ly greater than the actual C—C bond length in C,H,. However, the 


considered slight 


7 bond orders due to second-order hyperconjugative delocalization are small 


according to the more recent computations 


CONG SIONS 


The foregoing review of z-electron theory predictions indicates that Dewar 1s 
partly right in supposing that, to a greater extent than previously supposed, the lengths 
of conjugated and hypercon) ted ( C bonds are determined by the states of 


hvbridization of the carbon bond orbitals rather than by z-electron resonance 


However. there seems to be no justification [for Dewar's assun ption that the z- 


delocalization shortenings in conjugation and hyperconjugation are negligible. The 


observed approximate constancy of C—C bond lengths for carbon atoms with orbitals 


in particular states of bridization is not inconsistent with z-electron delocalization 
predictions, except apparently in the case of cyc/ooctatetraenc (However, twisting 
of two adjacent double bonds so that thet plane ;s become nerpendicular (as IS Approxti- 
mately true in octatetraene), although it destroys conjugation, creates first-order 
hyperconjugation at bot/ ends of the ¢ C bond: eacl ( ifter twisting functions, 
like a CH, group in propylene, to give hypercon] ration across the (¢ C bond with 
the ¢ C 7 electrons of the other CH ‘rroup. Thus some resonance shortening 
isstillexpected.*) Butinanyevent the observed (¢ C bond lengths tn cyvc/ooctatetraene 


(1-46 A as compared with 1-48 A for butadiene) are anomalous even in terms ol 


Dewar's proposals 


The observed constancy of C—C bond lengths in such hyperconjugated systems 
as ( CH, CH, ( CH, ( N, H.¢ ( N is not 
inconsistent with reasonable expectations from z-electron theory which, contrary to 
the ideas of Baker ind Nathan. would not suggest radically divers« degrees ol hyper- 
conjugative delocalization for CH,, CMe,, CCl,, etc. Finally, the observed constancy 
of ¢ C and (¢ C bond lengths in conjugated systems and their close agreement with 


the lengths in C,H, and C,H, are precisely what would be expected from a correct 


application 


Bond 


Significance of bond energy formulas 


Central to any consideration of “empirical resonance energies” is a standard 


formula for heats of formation, or atomization energies, or heats of combustion 


For atomization energies, taking energy given out as positive, such a formula for any 


hydrocarbon may be written as follows 


(4) 


yf ( bo in substituted 


However 


Phys. 19, 1271 (1951) 


te 
| 
‘oO e other nd ta cite ndica progressive rthe 
dipher cre twist caused t ¢ repulsion of o-substituents, 
* Cook. J. Che 28, 1K 1958) 
R. S. Mulliken and R. G. Parr, J. Chem. ; 
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The “bond energies” H and S are first chosen so as to fit with A ~ 0 the experimental 
B for diamond and for two or three light unbranched paraffins, say propane, n-butane, 


and n-pentane. * D and T are then determined as follows 
D B(C.H,) 4H: B(C.H,) 2H (5) 


H, S, D, and T chosen in the manner just specified are now assumed to be constant for 
all hvdrocarbons. After deducting any systematic deviations which are believed 
assignable to causes other than z-electron resonance (e.g. branching in paraffins, 
or steric effects: obviously this ts a matter of judgment), the remainder of A is com- 
monly interpreted as due to stabilization by z-electron resonance (“vertical delocaliza- 
tion energy” minus the “compression energy” required to change o bond lengths from 
their “natural” values to observed values) 


Equations (4) and (5) seem to imply that all ¢ H bonds have the same strength 
H and all C-—-C bonds the same strength S. Actually, as many people who have 
worked with equation (4) have doubtless realized, no such implication is necessarily 


involved 


To see this, let us st generalize equation (4) by a g different values of H 
and S depending on the states of hybridization believed to exi arbon o orbitals 
involved. If H,, H.. and H,, refer to “te”, and “di” bonds, and S,,, 


S13: See, 5 and S.,. to te-te, te-tr, te-di, tr-tr. tr-di, and di-di C bonds, we have 


(letting j and j take on values | 


B H,N, (CH) (6) 


The various coefficies . A, ,, and so on, are now assumed to be constants 


valid for all hydrocarbon or cumulenes, ould be replaced by 


DON with hi Vi 2 ily equation (6) plays the same 


role as equation but need not | ‘qual - since equation (6) should 
have greater validity than equation should be a better measu f z-electron 
resonance energy than y diffe , and S,, of equatior e identical with 
H and S of equation (4), and D,, and are related , an of equations (4) 


and (5) by 


Without necessat 


tion, equations (6), reduce to equation (¢ 


tions. This can be more readily understood 


|:3-butadiene and propylene. For these, u 
6H Soo 2 Doe 
6H 2D (Sy. 
3H 3H, 
6H 


. ‘ 
2 and 3): 
— 4H, = D — 4H, — H);: 
(7) 
B(C.H.) — 2H, = T — 2(H, — H) 
Eee) |y assuming that the H’s and S’s are independent of hybridiza- 
under certain not unplausible assump- 
by Considering two specific examples, 
ing equations (6) and (7), we have 1" 
2(H, — + A 
* 
(3) 
| (H, — + A 
Vee ; additive co int and dox t matter her However, corrections to eliminate rn ind zero-point j 
+t energy should be, but usually are not, made 
. 


80 


equation (4) 
it it 


Note that the quantities in curly brackets in equations (3) correspond to A of 


carbons (other than cumulenes), with A equal to \ of equation (6) 
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assumed that the quantities in square brackets in equations (8), and similar 


quantities in other cases, are equal to zero, then equation (4) always holds for hydro- 


assumption 


would be correct if (a). hvbrid orbitals of each kind (fe, tr, or di) are the same in (¢ H 
and C-—-C bonds, and (b), ¢ H and C—C bond strengths are equally altered for any 
given change in hybridization of any one carbon bond orbital. (For a C—C bond, 
two carbon bond orbitals are of course involved). Those who have used equation (4) 
to determine “resonance energK \ | id, knowingly or not, the justification 
that this apparently oversimplified equation ts eq ent to the much more acceptable 
equation (6) coupled with the at sight not unp ble as ption just discussed 
(but see next section) 

Dewar. on the other hand, ai from the fact that carbon covalent radii seem 
to be shortened muc ) C d ¢ C bonds than tn (¢ H bonds involving 
supposedly the same d carb bond bital is es that the bond energ\ 
differences for ¢ C bond . ¢ KC er. and fact to such an extent that he 
assumes H H H H,=0.7 combined witht ption that the z-electron 

resonance ene! i ) e. A 0 equat (6) d (8), permits him (cf 

‘ equations 5) to identify the deviatio \ from equation (4) with ¢ C bond energy 
changes such as S S,, for butad r§ S propyvler He believes that 
these and certain other assumptions justified by elf-consistency of the results 
obtained 

Until Dewar'’s pap s published, it is not possible to pass judgment on the 
strength of these f-consistency. A p ) Dewar’s assump- 
tions certal Ippe De al { trary thos \ ed in the supposition 
hat \ ot ed 
“stabil 
princ 
tion 
conjuga 
Expec fed 

In fact, reasons can be for be w that electron delocalization energies 
\ may often be t ) d A rat t Na as will be 
shown below, onc ly expect considera j contributions to A 
to be present correspond to 1 (Paulin \ quantities 
as used ct egatl ¢ H and (¢ H 
as compared with ¢ H bond For ex pl n equat (8), the greater polarity 
of tr—H C pared t H sl d res ! t polar contribution increasing 

H, H, (partia comm ted prop by a contribution from S,, S) 
J This increase tends to ike A sma r tha \. Similar but /arger efiects are expected 
for conjugation or hyperconjugation in ng triple bonds 

Even on quite general grounds, it seems unsafe t I that because ( H bond 
leneths show relativel | changes with state of hybridization of the carbon orbital, 


hi 
i 
4 
an 
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one must expect C—H bond energies to be equally insensitive to hybridization. 


Such a parallelism would seem possible, but not particularly probable. 


One positive reason against it lies in the existence of familar examples where bond 


energy increases markedly with increasing polarity, without notable corresponding 


effects on bond lengths Thus, Ry, 1/2( Ruy R,,) —O10A and By, 
MBuy + By) + 2keal, while Ry, Rey) — 9009 A and By 
Buy Bey) + 22 kcal. Because of its greater polarity perhaps even more than 


because of its greater s character, one might expect H, to exceed H,. On the other 


hand. if the s character of the carbon bond orbital in ¢ H is less than in C fags 


as seems likely on the basis of the discussion earlier in this paper, the magnitude of 


H, H, would be less for both reasons; also it may well vary from case to case. 


Still, there seems to be no reason why it should be negligible 


Equations (8) are special cases of the following general equation which can be 


obtained by systematically substituting equations (7) into equation (6) 
y 3} | 


B HN(CH) SN(¢ DN(C—C) TN(C=C) 


(H HN H) (S C) (9) 


4(H, — — — \ 


(For cumulenes, add (D, D)N,.(C=C) + (D D)N,.(C=-C). Equation (9) 


consists of the same major terms as equation (4) plus correction terms 


It will be recalled that Pauling found that the bond energies of polar bonds between 


atoms Y and Z can be represented rather well by 


—Z) [RY—Y) + BZ—Z)] + Vy,; (10) 


being a universal constant and XY, and Y, being identified as the electronegativities 


of atoms Y and Z. (The symbol I is used here, rather than Pauling’s A, to avoid 
\ 


confusion with of equation 4.) As various people have pointed out, different 


carbon hybrid o orbitals should differ in electronegativity.** hence H (including 


H==H,) and S,, in equation (9) should be expressible a 


H [S B(H,)) Don (S (11) 


Here i. j refer to fe, tr. or di hybrid carbon orbitals (1 for te, 2 for tr, 3 for di). Indices 
and ” have been added to provide for the fact that the actual hybrids probably differ 
considerably from pure / ir, and ind in different wa for ¢ H and (¢ C bonds 
The distinction can of course easily be dropped later. From equations (11), recalling 


that H means H,, the following equations are readily obtained 


dD dD (D D.) D (for cumulenes) 


R. S. Mulliken, J. Chem. Ph 


= 
ag 
q 
‘ 
(S S) (S S$) | (12) 
* Substituting equations (12) into equation (9). one obtains for the correction terms 
ys. 2, 782 (1934); J. Ch 41, 318 (1937) 
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(t quation (9) minus equation (4)): 


S)N,fC—C) 


ai are 
S_". and so on 


In equation (9) 


help of equati 
AC H) 4N 
JLN,(CH) 


\ remains 


i, 
CUla- 


ruide to actual d 


locahizau ners hha empirical \ values As we have 
previous Section, the purely theoretica LCAO-SCF calculations of Part 


and Mulliken™ on butadiene and the somewhat more empirical but more securely 


3 
8? 
me 
—S)+ S) + — C) + — S) 
(S S) + + (S S)N,(C—C) 
(13) 
D D) NofC—C) + (D DIN, (C=C) 
(I | C) \ 
co Now the numbers of bonds of various types in equation (13) are not entirely 
independent, but obey the relations 
N.(CH) + N,.«C—C) + 2N.AC—C) + N..(C—C) 
iN.{(C—C) + 2N..(C=—C) (14) 
N.(CH) + N,.(C—C) + 2N..(C—C) + Ne(C— 2N(C=C) 
aver If now we make the simplifying assumption that the hybrids “re” P| ay 
: — really pure fe, tr, and di in both ¢ H and ¢ C bonds, so that S Se 
reduces with th (14) to 
(I C) — 2N,,(C=C)] + I',.N,C—C) 
(I 2N(C =C)} (15) 
N,.(C==-C)] + (D + N,.(C=C)] \ 
If further. we ignore the polar terms (i.e. the in (15), nothing but 
eae except for cumulene [his ver for the general case the statement made imriallll: 
alg tely f wing equation (8), that cc tion (9) reduces to equ tion (4) with A An ; 
Certain as ptions are 
3 ta Returning to (15), 11 remarkable that (except for cumulenes) on/y polar terms 
vet and A remain as corrections to equation (4). However, if “te”, “mr”. and “di” hybrids 
P: ire commonly quite different in C—H and C—C bonds, as seems likely from out 
aes earlier discussion, expression (13) is required, and it becomes almost impossible to 
oa draw any reliable conclusions ! erved \ va s based on equation (4) 
a tt nected nd lifferen n (13) and (15) are often not small, 
aes especially where (¢ H bonds are concerned, can be seen from Table 3 
P i fheor 
eet All things considered. one is inclined to agree that Dewar and Schmeising are 
nrignt 4 skept cal ipoutl ident ng \'s | CU ation (4) with r-electron 
deloca ition energies. Dut one 1S equally inciined to skeptic il about accepting 
es Dewar’s new assumptions. Rather, it appears that a more thoroughgoing review of 
I 
Ey the whole situation is in order 
One now ver whet} er theoretical computations may not be a more 
re ible 
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TABie 3. CALCULATED POLAR ENERGIES O1 


BONDS INVOLVING 
HYBRID o ¢ 


ARBON ORBITALS 


Polar energies | 
Electronegativity differences* 


(kcal/mozie) 


based calculations 


Rotation barriers and 


ifest way to determine 
to be from 
the following corrections 


1 . 
(1) add the 7r-ciectron hyperc 


(2) add the energy of decompression 


when the 7 bond is largely destroyed ; 


; 
mH 0-67 | H H 67 
— ry = 1-22 4: len —T in = 30 
x 6-9 | 
0-83 14-9 | 
M ke ro tadk ctor to reduce the to 
Pa 
| values from equat x ork 
ip Hee by the Pariser—Parr and similar methods are tn close agreement 
with each other as to wa functions and 1 orders This agreement justifies 
‘ placing considerable confidence in the values computed b Mulliken and Parr’ 
; i; (since they were based on the results of Parr and M ken on butadiene, and on 
similar results for bet ne) for t ertical delocalization energ butadiene and 
a benzene. In other words, perhaps the n eoretical tit ire more to be 
trusted t n the empiri lt notey il aeduc ig es ited 
compre m ene! the tic quant ie rather cl the pirical 
empirical A’s are real od luck appro equal to tron resonance 
energies. (It is on ye-bonded rea rep am i in the 
A’s would be an pated.) 
work of Dewar and $ le it fairly cert that C—C bond 
lengths ar Me { rter than hitherto supp 1, whe { d nal 
carbon AO's al n ed [his means that rrecting t puted 
vertical delocalization ¢ to all ssion ene! ter ften 
be co derabl aller 1 hithert est Existing n tween 
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(3) correct for any barrier energy which would be associated with twisting through 
90° in the absence of any 7 bonding. For C,H, the energy required for a 90° twist Is 
61-3 + 1-2 kcal (2°66 eV).!® Roothaan and Mulliken®® have computed the (vertical) 
hyperconjugation energy of 90° twisted ethylene to be about | eV, but for the some- 


what stretched bond this may be, say, 0-SeV. If R for the twisted bond ts, say, 


1-42 A, the decompression correction, if the natural ¢ C’ length is 1-51 A, may 
be 0-3 eV, while correction (3) may be, perhaps, —0-15 eV. The total (which of course 


is rather rough) is 3-6 e\ 
For 1:3-butadiene one has a careful determination by Aston and collaborators”! 


of the barrier height for a 90° twist of 1:3-butadiene, whose stable form ts s-trans,** 


about the C—C single bond: their value is 5 kcal. Before setting up a theoretical 
counterpart, it 1s necessary first to recognize that in the absence of an‘ 7-electron 


(i.e. w.-electron) delocalization there would be, (1), a considerable z-electron (1.¢ 
+ -electron) nonbonded repulsion across the C—C bond and further (2), an approxi- 


mately equal z,-electron nonbonded repulsion; also that, | 3). on twisting, the sum of 


these two nonbonded repulsions (also the o-electron nonbonded repulsions) should 


remain invariant according to usual VB theory (except for slight decreases in H—H 


interactions). The effect of . delocalization in butadiene must be viewed against 
this background. The vertical 7, delocalization energy (which, be it noted, depends on 


bonds, not just in the C—C bond), 


the delocalization-produced changes in a// the 


as computed by Mulliken and Parr,"’ is 65 kcal. On twisting through 90°, this 


+ -delocalization energy should be destroyed. It thus plays the same role here as the 


total z. bond energy in ethylene. Also, just as in ethylene, hyperconjugation in the 
90° twisted form restores some of the lost z-electron delocalization energy. Finally, 
there is a small correction for decompression of the o bond on twisting To estimate 
the total height of the barrier for 90° twisting, one may add to Mulliken and Parr’s 
6-5 kcal an estimated 0-9 kcal for second-order 7, hyperconjugation™ in plana 


butadiene and then subtract an estimated 3-2 kcal for 7, and 7, first-order hyper- 
conjugation™ in 90°-twisted butadiene and 0-3 kcal for decompression, leaving 


4 kcal for the net barrier height. If lack of complete invariance to rotation around a 


+-delocalization-free C—C single bond adds | kcal to the barrier, the result agrees 
with Aston’s empirical barrier height of 5 kcal 

lhis agreement is consistent with the idea that the typical stability of planar forms 

in coniugated systems, and the corresponding stabilities of conjugated double bonds 

toward twisting. are due to 7.-electron delocalization. However, Dewai suggests that, 

since we do not understand the rather considerable barrier (3 kcal) toward rotation 

) ethane (where the sam wt of nonbonded z, and 7, repulsions should exist as 


invariant to rotat 


reasonably be 


- 
: 
‘ 
= 
a? discussed above for butadiene,“* and with th SU a) but 
scussea adove it ana With ell ull n u 
> J. E. Do B.S. R F. S. Lo 20, 1807 (1952); 23, 315 (1955) 
C.J.R R.S. Mullil Rev. 41, 219 (1947). T t 
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weaker than in butadiene because of the greater C—C distance), a barrier of similar 
origin and comparable (or larger) magnitude might exist in butadiene. On the other 
hand, the theory in its present state gives a reasonable explanation of what is observed, 
and is not contradicted by anything which is observed; so why borrow trouble? 

Something should be added about diphenyl, which apparently is not planar 
(except in the crystal). This can be attributed to the fact that two pairs of H atoms on 
the two phenyl groups are rather close together and presumably exert local nonbonded 
repulsions which overcome the z-electron delocalization forces favoring planarity. 
It is of interest that the nearest H—H distances in planar diphenyl (1-80 A) are the 


same as for the two adjacent H atoms in the cis form of planar butadiene (the cis 


perhaps also is twisted; at any rate it is less stable than the trans form,” very likely 


at least partly for this reason). Even more interesting is the fact that these distances 
are practically the same as those (1-78 A) between H atoms in CH,, or adjacent H 
atoms in C,H,. The computed overlap integrals between two H atom Is orbitals at 
this distance are remarkably large (0-28) at 1-78 A®, and one might reasonably expect 
large nonbonded repulsions between two such H atoms (of the order of } eV energy, 
half the binding energy of two bonded H atoms in H, at the same distance apart).* 


Che observed twist in diphenyl is not then surprising 


Dipole Voments and Othe Prope rties 


rhe factors determining dipole moments in conjugated and hyperconjugated 
systems are so complicated that great caution is required in drawing structural con- 
clusions from observed moments. One must include not only primary contributions 
gR due to transfers of o or a charge from a substituent to an adjacent unsaturated 
atom, but also covalent-dipole contributions whenever the transfer is betweet 
idjacent atoms whose participating orbitals are of unequal size, and also lone-pair 
dipole contributions in case hybrid lone-pair orbitals are present on substituent atoms 
One must also include inductive contributions, both in the o-electron system and in 


the z-electron system, especially the latte Further, z-electron resonance should in 


general contribute. Finally, as Dewar and others have emphasized, one must take 
account of the fact that ¢ H or in general (¢ X oa nd moments must 

C atoms with o orbitals in different hybrid states, and tha bonds sh 

moments if their o orbitals differ in hybrid state 

agree with Dewar that the usual arg 


served effects ine ynjugated svst 


incautious to conclude that 


the moments of are smaller than for CH,X when X is more electro- 
‘gative than carbon (n ly, when the o bond orbital is more electro- 
‘gative than a tetrahedral 


However. { or tne el > al us n odifvi factors 


iy 
at present inconclusive. For example, it is 
. eC X* resonance is responsible for the fact that . 
i 
* In C.H,. the o p ppro 2 A)b H aton the yl groups 
is Ol DY r to tnat rresp ) rep sion ol 
0-1 eV: not large eno to acco e observed b r to fre C,H 
R. S. Mullike J. Amer. 2, 450 ) 
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mentioned above, except 7-clectron resonance, indicates that they may approximately 
cancel out as between C,H.X and CH.X or perhaps even tend to increase the moment 


somewhat for X, so that in the writer’s opinion the usual conclusions could 


probably be justified by calculations taking all factors into account. But even if one 


agrees with Dewar that the usual arguments are not conclusive as they stand, one must 


concede that any argument that the obser ved effects are due solely todifferencesin hybrid 
states of carbon o orbitals, and not to any apprecible extent to 7-electron resonance Is 
at least equally inconclusive To be sure. Petro”’ has shown that the observed moments 
of conjugated and hyperconjugat tems can be explained quite well formally 


in tern fa set of bond moment ing for each different ¢ H and ¢ C hybrid 


sation or hyperconjugation. But 

in those aine when contri- 


mored and all effects associated 


| relevant 


ynsiderable 


a 
ee o case and assuming no contributions Irom con] 
the agreements obtained are no more conciu 
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moments should first be calculated, but this may be difficult. However, it seems not 
unlikely on the basis of a rough estimation that these contributions are smaller than 
the observed moments but in the same direction, so that hybridization and hyper- 
conjugation could share in explaining the observed dipole moments. This would 
make 0// still negative but smaller than 0-5. From LCAO-MO theory a negative 
value of 6/6 is understandable** but somewhat accidental. It should be pointed out 
that hyperconjugation would still be present if 6/ were zero, or positive, but its 
contribution to the dipole moment would then be zero, or reversed in sign. In other 
words, a dipole moment is not an essential inherent characteristic of ordinary hyper- 
conjugation (although it is for dative isovalent hyperconjugation) 

l'urning to other types of information, nuclear magnetic resonance, although some 
authors have disagreed,** seems to give clear evidence for z-electron resonance effects 
in conjugation and hyperconjugation.**” Particularly convincing is Taft’s discussion?® 
of Gutowsky’s data on m and p-substituted fluorobenzenes. The fluortoluenes indicate 
that the CH, gro p produces a hyperconjugative resonance effect similar in magnitude 
and sign to the conjugative resonance effect of Cl or Br, and thus confirms the negative 
sign Of 


Strong experimental evidence for some important effects of hyperconjugation, 


predicted from semiempirical z-electron resonance theory, in the ultraviolet absorp- 
tion spectrum of ethylene (relevant to the ground state of C,H,*) was discussed in 
an earlier paper.’ While in that case incipient isovalent, rather than ordinary 
sacrificial, hyperconjugation is involved, the fact that the effects were predicted using 

the same / and /* parameters as in the usual semien pirical calculations on ordinary 
hyperconjugation supports the approximate correctness of the latter’s predictions. 


Dewar’s argument (4) in the Introduction as to the irrelevance of the electronic 
spectra of hyperconjugated, and a similar argument for conjugated, systems can be 
answered as follows: the same LCAO-MO theory which approximately reproduces 
the observed excited state effects can be trusted in its predictions about ground state 
characteristics 

Dewar’s argument (5) is certainly valid, but it is not an argument against z-electron 
resonance in ground states. It is of interest that Taft finds strong evidence for a close 
parallelism between activated and ground state properties in his comparison* 


reactivity parameters with nuclear magnetic shielding parameters in substituted fluor- 


benzenes. Activated states, as noted in the companion paper’, probably often involve 
isovalent conjugation or hyperconjugation in incipient carbonium ion structures 

An interesting ground state property which shows great sensitivity to conjugation 
is polarizability, as shown in the intensities of Raman lines.*! This n agreement with 
what 1s expected from z-electron resonance theory. One might, however, perhaps 


argue that polarizability is not a proper ground state property, since the theory makes 
it dependent on the strengths and frequencies in the electronic absorption spectrum 
of the molecule, it being the latter which, in agreement with z-electron theory, shows 


great changes in conjugation 
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Lochnericine—A new alkaloid from Lochnera rosea 
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(Received 1 December 1958) 
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It would appear that reaction only 
when the (usually stable) pyranose 
3 :6-anhvyadre 


stem is 


occurs readily when the labile furanose ring 


iS present, o1 
is rendered I: ‘as in the bridged ring system of the 
glycosides. As the reaction proceeds readily tn anhydrous conditions it cannot involve 
hydrolysis i recombination 


The isolation of compounds of type II, suggests that these may be formed intermediately in the 
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evaporated to dryness at the pump. Extraction of the residue with hot methanol yielded a solution 
of 1-O-methyl-N-p-chlorophenyl-p-aldehydoglucosylamine (II R pClC.H, R CH,), 
deposited on cooling as white cubes, m.p. 145°, [=], 85° (c 0-165 in pyridine). (Found: C, 48-0, 
H, 5-9, N, 4:3; requires: C, 48-5, H, 6:2, N, 
p-Nitro-aniline (1-5 g) and hydrochloric 
acid (30°,, one drop) were added to a hot methanolic solution (15 ml) of methyl «-p-glucofuranose 
(1-4 g) and the clear solution allowed to cool. Bright yellow needles were deposited. Recrystallisation 
from methanol yielded 1-O-methyl-N-p-nit (Il: R 
p NOyC,H,. R CH,), m.p. 162-3, [x] 2 pyridine). (Found: C, 44-4; H, 5.9; 
N, 7-1: Require ) N, 8-0°%%) 
Methyl «-p-glucopyranoside is treated with p-chloroaniline in methanol containing 
gen chloride ( lrop uixture was refluxed (20 min). On cooling methyl «-p- 
glucopy anoside m admixture with an authentic sample, 164-5—165 ) separated 
A further portion (0-6 g, 1 3 5°) was el rom t n liquor. Unchanged material 
also was recovered using 7 anil in pla [ p [ ne under the same conditions 
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product m.p. 180 \ no pres admixture with an authent samp! This compound 
vielded a tetra-i te, yellow need pyridin (Found: C, 51-5: 
H, 4-5 
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Experientia Supplementum VII. XVIth International Congress of Pure and Applied Chemistry. (Paris, 
18-24, VII, 1957. Main Congress Lectures.) Birkhauser Verlag, Basel, Switzerland, 1957. 
355 pp., 36.0 Sw. Fr 


THis book brings together the texts of the main lectures delivered at the 16th International Congress 
of Pure and Applied Chemistry held in Paris in July, 1957. Each lecture is printed in the language 


in which it was delivered, seven each in English and French and four in German 

The Centenary Lecture of the “Société chimique de France” delivered by Sir Cyril Hinshelwood, 
entitled *Réflexions uw la cine fique chimique 3 appears first, followed by the Inaugural Lecture by 
G. Natta ca 


> 
matieres plastique § ef ciastomeres Nnouvaux This lecture by Professor Natta occupies some 9 pages 


led ( atalyse fereospecifique et polyme res Stereo-isomeriques Preparation ce fibres, 


and gives an excellent account of the variations that can be effected in the polymerisation processes 


} 


of the «-olefines, a subject to which he has made sucl 


1 a great contribution 
Then follow five lectures delivered to the Physical Chemistry Section. The lecture by Glenn T. 


Seaborg on the transuranium elements includes a dramatic account of the discovery of element 101, 


lations on further transuranium elements and an outline of the heavy-ion linear 


mendelevium, Spect 


accelerator at Berkeley. The text is illustrated by figures and three photographs, which give an idea 
of the immense size of the Berkeley accelerator Altogether this lecture succeeds admirably in 


conveving the atmosphere in the Berkeley laboratory during the discovery of the new elements 
Other lectures to this section are by R. G. W. Norish, R. M. Barrer, S. R. de Groot and C. Ouellet 

The lectures to the Inorganic Chemistry Section are by H. Haraldsen, E. Wiberg, A. G. Maddock, 
H. Nowotny and A. Wittmann, and an account by Leo Brewer of ““High Temperature Chemistry 
A Pioneering Field,’ which opens 1 p i fascinating new field 

The Organic Chemistry Section contains the following lectures: V. Prelog, “Untersuchungen 
von transanularen Eliminationen und Substitutionen mit Hilfe von Isotopen”; P. D. Bartlett, “The 
Initiation of Organic Chain Reactions”: G. Wittig, ““Komplexbildung und Reaktivitdt in der metall- 
organischen Chemie’ I. Nozoe Chemistry of Natural Tropolone and Allied Compounds” 
l Marion. “Structure de quelqu alca lu delphinium’ and A ** Photoréactions 


électroniques des colorants organigu which is mainly concerned with the chlorophylls and other 


tetrapvi ol pigments 
The book is well produced and ts pleasant to read It is difficult. however. to know for whom it 
that 


of 


most 


value of 
have provided no references to the o mn literature w e otners C en extensive lists Perhaps 
such col 


of lect sin Englis rench and Germa timu nglish readers to try the 
langu 
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in manv vears of study of the writings of early chemists went to the making OT (this at thor catalogue 
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inconvenience caused by this oversight 


4 
was published in 1906 in an edition | 
that time there was little interest in the | 
a reference for historians of chemistry. It is the only book of its kind to supply pagination and full a 
. 
tities Of the items catalogued 
aes To the non-specialist the main attraction of the work lies in the pawky thumbnail biographies a s 
oe. of authors. Of Gioseppe Francesco Bo d. 1695), Fe : st t he ed at Amsterdam “in Bt cvs 
warn mainst confoundi s if one Case (J innes Ca of Oxford (d. 1600) 
with Giovanni della Casa (d. 155 f Benev« bec ud t e church 
high f < B ‘ ercury 
oo 1. R. F. Hutvon and F. H. W HEIMER, 7 3, 73 (1958 
The word p. id ire I’ and not “structure Il 
> 
\. HEUSNER and K Z j 3, 3 
rst two words of the cient ‘ 413 ould read vorstehend 
Mitteilune 
R. Anessa, S. K. Muxkersee and T. R. SesHapr hedron 4, 256 (1958 
ave p. 263, Table 3: the formula at the botto if the colu Substituent in the 
Hirst part, ort s table should have been centred between compounds Pimpinellin 
 - Pp. <05 Reference 43 this reference should read “Tetrahedron 3, 230 (1958) 
‘ 
of some clectrophiles to enolate anions derived from 
ae Py Dee have appeared. We apologise to the authors for any 
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3-dike es has been 
tin 
SEVERAL acyclic | :3-diketor 1 met roup bet two carbonyl 
ed-3-a = R’ = Me; (b) R= Me, R’ = Et 
| 
(c)R = Me; = Ph: (d)R=R'=P 
\ \ at | j 
. 
decarb etylg KOH dine 
condensatio KOH po ital I 
It iS det d cid g d \ drous pota in 
ital ind nad D c acid (Ic), 
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or and H. Adk 1A ‘ 54. 34? )3? 


Gy. Steranovic M. Pavic1c-Woss, Lu. Lornenc and M. Lu. Minattovi 


Dibenzoylmethane and anhydrous potassium isatate react 


2-phenylcinchoninic acid 
to give 2-phenyl- t-benzovicinchoninic acid (Id) (63°,,), and conversion of the acid to 
2-phenyl-3-benzoylquinoline® and subsequently to 


2-phenylquinoline established the 


structure of the acid 
acetonylacetone giving 2-methyl- 


with | 4-diketones e.g 
on treatment with KOH gives 2:3-dimethyl- 


Potassium isatate reacts 
acid (Il) which 


3-acetony Ic inchoninic 


quinotine 
react with isatin in 


Vorlinder ef a 
ne substituted octahydroxanthenes (IV). It 
|-1 :3-cyc/ohexanedione 


anedione and 


corresponding octal ydroxanthenes, (1Va and 
ve (methone) reacts with isatin in ethanol or in 


5S’. dimethyl | -dioxo-2 - 

when isatin methone 
hone and 


oxindole} 


ng glacial acetic 


f (111) to (1Vc) ta ice read 


on to (1Vb) and 


arboxy 


acid under various con- 


yi ?:3-substituted cincho- 
tor vil inhydrous potassium 
litions 


.> it 
COUS KOH (the usual condit 
tly causes decomposition of the 


fol Phitzu 


diketones wit 


98 
— 
= 
gia 
nas 
b) and 5 S-dimethy exanedaio 
absence of solvent yielding the alkali soluble 5:5-0 
vexvlloxindole (II1)*, which is also readily obtai 
ire refluxed in aqueous cthanoil conta KOH In gli 
satin yield octahydro-3:3:6:6-tetramethyl- 1 :8-dioxoxanthenc-9:3’- 
acid. Condensation of a me 
5 :5-dimethyl-1 :3 hexanedione takes a different course. In additi 
div« ire bta d | e structu (V)Is prop acridinecarbo) 
On the assum that itic acid reac ne viene group situated 
Detw KCI p xaned analogy with the reaction 
one grxcto vill satic acid 
R 
R 
In the condensation of 1:3- and 1:4-diketones with isatic 
ditions. the only procedure whi ves Satistactor 
ninic acids (1, I, V) consists in heating the 
isatate in absence of solvent. Condensations in ac 
er on) ives lower Vicidas and ireque 
the formation of resinous by-products. 
lisable prod il) ed by Ciru 
Cc. H. Volk z. M. P. Neun G. von Bra iW. Z. Anal. Chen 
W. M. Fischer and A. Cirulis, Liebigs Ann. $14, 261 (1934) tee 
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Melting points are not corrected 


Vethyl-3-acetylcinchoninic acid (la) 


aqueous 
of 
rude 


198 


7} 
is refluxed 


Cl 
prepares 


Vethy lannet 
means of diaz } i to neth m.p. (from etl Te im H, 5-74 


N, 5-43; ( 


dried under 


ester was 


*hosphorus 


cooled solutior 


with dilute HCI, and ider 


prepared accordin 


with the 


were ie 


converted into the 


2-Methylcinchoninic 


2-Methy 


slowly Aft 


for a (prolongec 


with wate 5 ind tl 


solution with dilute HC! the 


crystallised from aqueous eth m H.5 


( 


I 


69-13 H. 5:38 N. 5-76 ) 
Quinaldine This deg 


W. Pfitzinger, J. Prakt. Chem. 33, 100 (1886) 
W. Pfitzinger, J. Prakr. Chem. 38, 583 (1888): 56, 


eee 
99 
. 
ae aa a Acetylacetone (18 g, 6 moles) in ethanol (20 ml) was added to isatin (4-4 g, | mole) in 
potassium hydroxide (11:3 ¢, 15 mole nd the mixture heated for 6 | After 
Se, a cthanol, the aqueous solution was extracted th ethe ind lified lilute H¢ I 
4 
product (9 g, ), M.p. was crystallised f € rive the pure ac la)m.p. = 
4 (Found: C, 68-07; H, 498; N, 643. C,,H,,O,N requires: C, 68-11; H, 4-84: N, 611°) 
(b) A mixture of dry potassium isatate* (2 g, | mole) and acetvlacetone oles) 
(3 hr) and on coolins he product was washer ce € Ss ed er (25 ml), and the 
solution acidified with dilute H¢ rhe precipitate was filtered (1-83 ¢. 79-9 nd cryst sed from 
| give the pure acid, (la) m.p. 195-196 It did not depress the melting point of a sample 
ae EE reduced pressure (20 mm) in the absence of drying agents. Ir e presence of (iE 
pentox de or potas om } lroxide. th omn na water of rvst nad nehed 
2-Methyl-3 :4-q acid. A solut f sodiur nox te (344 prepared by 
(13 mole) diss ed in 20 xide (11-4 ¢. ] e). After the is reactior 
had subsided, the 1 cated (Ste Dath) 30 1 1O ted and the 
eated wi e ac precipitated 
ified as the dimethy p. 61-62 (from petroleum ether), which was 
ai EE: (0 Micovic’, picrate, m.p. 156°. Both compounds gave no depression of m.p 
MEME esponding authentic samples 
3-Acetyiquinaldir icid (1 g) wa viy heated, under reduced pressure (15 mm) 
to 200°. when d hy tian ¢ nl Or » thee ‘ 24 
— 0: when decarboxy took place e temperature to 240 ed which, 
; on cooling, grad ly solidified Atte vst n from pet C et elted at 74-75 
(Found: C, 77-82: H, 6-05: N, 7-70: ¢ C,.H,,ON C, 77-81; H, 5-99: N, 7-S¢ 
Quinaldin The acid (la, | g) and powdered potass hydroxide (2:5 ¢ ps of water 
: maseeerated with a free fi The whic c vitl t is dis ed in dilute HCI and 
yellow chloroplatinate of aldine, m.p. 226° (from water) 
Freshly prepared acetylacetone (15 Was ed etnhar na added to 
isatin 32. | mole) in aqueous potass hyd le (S¢ | e). Afte ting & team-bath) 
the mixture was treated as described ab ek e2-n os 2-67 p. 241 
(fron ethanol), did not depress the ol I iinhentic Sample prep saltil ind 
; acetone (Found: ( 0-30: H, 4-87. Calc. for C,,H.O.N: C. 70-58: H. 4-85 
\ xture of dry potass in satate (2 ge. | mole) and propionyilacet e (6 g, 5-35 moles) was 
ees er the mixture had ceased reac ibout 20 min), the te vas maintained 
: Ree. unreacted diketone extracted th ether. On acidifying the aqueous 
1 (ib, 66°7 eparated as an cn s lified. It 
. product was obtained from (Ib) and identified 
salt was prepared from isat ind an equ licnta tof 2 ucou 10 i1roxide, at 
3 temperatures below 40 Using an excess of alka t gnher temp, other product i rmed (to be 
published) 
if 
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2-Methyi 
» (16 4 moles) was heated 
ot dl 

hen 7 


t 120° (101 On cooling, ti duct v ’ th wat n ind excess benzoylacetone 


removea W 


was extracted 


hydroxide failed. Only 


resinous 


O. Doeb: 


ethe The aqueous solut eHCla pitate 
, crystallisation from ethanol-pyridine (8 : 2) it melted at 280° (Found: C, 74-30; H, 4-76; N, 4-66 ee 
C,.H,,0,N requires: ¢ H, 449; 
} nt 1 mo of notass lroxid 
on sp 119-126 (I na: 14-9 H, 5-22 
N. 4:47. H,.O.N ( 1-74 4-95 4 
( 
: 
3 
( H, 434: C..H,.O.N re ( H. 4:28: N 
nd after « C. 78-92: H, 4 N, 4-17. C.,H,,O,N 
require ( H 4-66: N 
to a fe egre 5 65 Aft ) is sed 
elt 122-1235 i: 85-25: H.4 N, 4:54. C..H,,ON rec es 
j C, 85-4 H, 489; N, 453 
p | ed (| ind p } le is desc ibed fo 
2-Meti 3-acel acid (11) 
\ xture of dry te 11 nd acetor cetone (10:26 9 moles) was 
; pressure ¢ luc s treate ter (100 ml). The insoluble resinous material was filtered 
ind the filtrate ac e He the ex 32-9") washe th ice-cold ethano 
and cryst sed fre b ng >-Met/ cu cid melted at 280-281 (Found 
C. 69-70: H. 4-75: N. 5-62. C,,H,,0O,N re es: C. 69-13: H. 5:38: N, 5-76°%) 
Attempts to condense tsa th acetonylacetone iqueous potassium 
was obtaine vhich could not De purit 
and W. von M Ber. 16, 1664 (1585) 
ee 
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2:3-Dimethylquinoline. (i, 0-5 g) and powdered potassium hydroxide (0:1 g) were treated as 
Picrate, 


3- Dimethylquinoline was crystallised from ether, m p. 68°.' 


escribed for quinaldine 


227-229 (from ethanol) 


Spiroloctahydro-| :8-dioxoxanthene-9 :3'-oxindole| (AVa) 
i) A solution of isatin (0-749. | mole) and . lohexanedi 2 moles) in 75‘ 
(30 ml) was refluxed for ¢ ( ie ethanol was ve listillation, and 


s ethanol 
tallised from 


(Found 


4 solution of isatir 


A colo 


nethanol 


6°62) N 


(b) The same quant 
On cooling, the mixtu \ reated 
I ym ethanol was not depressed admixt 


was crvstallisec 


sample of (111) prepa 


ji 
thanol, m.p. 339 it $-2 
ee ethanol, m. and was insoluble in cold alkali C, /1-46; H, 3:25; N, 4-19. 
Calc. for C,,H,-O,N: (¢ 1-63: H, 5-11: N, 
(b) The same quantities of eactants, Dut in the bsence of solvent, were heated for 2? hr at 110 
; 115 On cooling, the xture of solid p ct t irated with cold ethar (30 ml) and the ' 
indissolved mate (1-5 g, 895°.) was crystallised from ethanol, m.p. 339°. (Found: C,. 71-39 
H, 5-30: N, 3-94. Calc. for C.,H,-O.N: (¢ 1-63: H. $11 4-12°) 
(c A so f exanedione quantities above) in glacial acetic acid 
a 3) mi) refluxed f 1 cooled and | ed int ater (50 ). The crude precipitate (0-65 g 
Sp ctahydro-3 :6-dir | :8-dioxoxanti ndole| (AVb) 
300-301° and v nsolul n alkalie Four ( 2:73; H, 5-82; N, 4-10. C,.H.,O,N requires 
C, 72:72; H, 5-82; N, 3-8¢ 
On coolit the trit 30 ml) ar ‘ n (1:20 2 
661°.) crys ft 00 I d: C, 72-55; H, 5-71; N, 3-88. C..H.,O.N 
equire ( H, 5-8 N, 
eee lescribed above. Crys sation of the crude ecipitate (1-2 66°1°..) fre et | 300 
| :2:3:4-Tetrahvd 0-9-a lineca acid (Va) 
A mixture of « pot satate (& Ol nd 5-methyli-1:3 nedione (5 g, | mole) 
eated for 30 min at 130-140°. On coolit e red solid treat iter (50 ml), the 2 
hitrates were acidifie th the te hiltere nd ce-cold ethanol 
Insoluble ahy ) s filtere 15-7°.) and 
cry ed fro e vi ib a: ». 258-259 I 257-6 (calc. 255-26) 
(I nd: C, 70-33; H, 5-20: N, 5-70. C,.H,,O.N requires: (¢ 0-58; H, 5-13; N, 5-49°%) : 
hexanedione), was cryst sed from ethar nd gave roloctahya 3:6-din | :8-d anthene- 
):3 nad (IVb) p. 300 It did not depress the m.p. of an authentic mple prepared as 
described above. (Found: C, 72-53: H. 5:74: N. 4-17. C..H..O,.N require C. 72:72: H. 5-82 
N_ 3-86 ) 
3 vindole (111) 
(4) SE, (0-74 2, | mole) and methone (1-44 g, 1 mole) in ethanol (30 ml) was refluxed 
for6hr. product, m.p. 235-239 , crystallised upon cooling (1-3 g, 63-5°.). Crystallisatior 
1,OrEEE Praised the np. to 249-250 The cor ypound was soluble in alkalies. (Found: C, 70-26; 4 
: H, MM, 3-83. C,,H,,0,N requires: C, 70:39: H, 6-65; N, 3-42 
at 140 
(1-4 
: ure Of a 
“4 
ide 
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Spiroloc fan 
4 solution of 

was poured 

compound melted 

from methone 


C,,H,,0,N 


30 min 


was fit 


-dioxoxanthen 


eranovic. M. Pavicic-Woss, Ly. Lorenc and Ly MIHAILOVIC 


3'-oxindol | (1Vc) 


luxed for 6 hr. On cooling, the solution 


) was crystallised from ethanol The 
a sample prepared (m.p. 294°) 


60: H. 621 N 


3-68. Calc. for 


norton 


were 


sodiun 
9 
crysta 


lation 


methone) was 


H, 6°75; N 


> 
nd the pres pitate | 92°35 a 
and did not depress the ! 
73-63; H, 6-43; N, 358%) 
1:2:3:4-Tetrahydro-3 :3-d thyl-1-oxo-9-acridinecarboxylic acid (Vc) 
A mixture of potassium isatate (20-3 ¢ | mole) and ethone (14-4 ¢, | mole) was heated for 
at 135-140. On cooling, the red solid was treated with water (100 ml), the insoluble 
and extracted with cold 10 iquecous sodiu hydroxide The combines trates — 
oe icidified with HCI, the precipitate was filtered and tril ¢ wi ce-cold ethanol order to 
tf! } ny ss al ine ca Ox) aci vas fhitered 
eliminate the red soli The re cok 
(7 g, ) and cryst sed from irge yume of boiling eth | Equivalent 265-4; cak 
269-29. (Found: ¢ 1-2 H. 5-58: N.§-20. C,,.H,,O,N requires: 136: N 0°.) 
thanol xt vas evaporated to dryness, the residue treated with 6 
carbonate the no ble p based oT net! ne) was filtered Afte 
nf shar lie melted + 249 nd was ble in alkalies By xed m.p. determi” it was 
dentified as (111) 
The prod ct nsoluDle wate nh sodiun ny sy yased on 
a rystallised from 50 thanol to give (IVc), m.p. 294°. (Found: C, 73:76; = a 
a4 +50. ¢ H..O.N require ( H. @& 43 N 
: 
Lie 
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THE STRUCTURE OF w-CONHYDRINE 
H. S. YANAI and W. N. Lipscome 


School of Chemistry, University of Minnesota 
(Received 17 October 1958) 


Abstract—The three-dimensional structure. except for the absolute configuration, of y-conhydrine has 
been determined in an X-ray diffraction study of y-conhydrine hydrobromide. In agreement with 
ecent chemical evidence, the OH and propyl groups are found to be trans to each other, and in the 
equatorial position relative to the saturated six-membered ring. The unit cell is orthorhombic in the 
space group D*-P2,2,2,. contains for H,.NOBr, and has dimensions a 5 h 9-28. 
1-72 A Refinement ncluding ani rma! motion, has vie ded valu of R 


LiF 0-109 ands ‘ 0-056 for the 920 observed reflections 


INTRODUCTION 


CONHYDRINE and w-conhydrine were two of the members of the hemlock alkaloids 


whose configurations remained unknown at the time this study was originated. In the 


meantime, the stereochemistry of y-conhydrine has been established independently by 


Balenovic and Stimac,' and by Hill, who disagree on the absolute configuration 
Nevertheless, this study was completed in order to confirm the configuration of 
y-conhydrine by an independent method. A complete three-dimensional structure, 
except for absolute configuration, has now been obtained. In particular, the OH and 
propyl groups are found to be trans to each other. The very reasonable, but hitherto 
unproved, conclusion that OH and propyl groups are in the equatorial positions has 
also been reached in the present study. In addition, the act three-dimensional 
geometry, molecular packing, and particularly the directions of hydrogen bonding, 
have been established: and it is hoped that these additional details may aid in the 
elucidation of the mechanisms of interactions of this type 


molecules in biosynthetic routes and in physiological 


EXPERIMENTAI 


synthesis of d nhydrir the iration of its HBr 


parallel to the 
s odd and O00/ wh 


ot tou 


id t 
iiculated den 


PESTLY 


ive either the d torm or 

completed in the process of crystalli 

Egul-inclination Weissenberg photographs were 1 
vith CuA« radiation, and precession pl aphs we taken, 

K. Balenovic and N. Stima hen ; . 153 (1957) 
R. K. Hill, J. Amer. Che 
L. Marion and W. F. Cockburr 


} 
d 
e establishment of its 
ler th th 
dentity with the natural product were carried out by Leete. The crys of ne hydro ' 
ore de were needie-shaped nd Deautifully formed 4 crystal 0-15 mi nete ing 2mm n 
length was chosen for the investigation ; 
The nit cell is orthorhombic, wit! parameters @ 1S-15. 4 28 ar 72 A. where the « 
ax needie axis of the crystal. Systen c extinctions of #00 el odd. 0k0 when . 
A er s odd lead uniquely to the ce group D*-P?,2,? ; 
Ei ecules in the unit cell. The assumption of fo molec ids i reasonable 
| tir singie cry lla ecules 
els 0, 1, 2, 3 and 4 about € C axis 
ising 1diatio 30° of 
= 1949 
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2152. which mdicated that irthe efinement of structure is still possible Analysis of the shifts and 
the thers ct Dut it ino prove t co-ord tes appreciabd the irpose 
deel of the present study btain the molecular geometry of this compound, the refinement of the 
| R 0-109 Swit lf j pis 0-056 were obtained The nal 
I 
tandard d il co-ordi ites cak ilat d the 1 sid tne final 
cnt sOLTOpP The standard d bond 
( N, ( N Br bond respective As an inde} lent 
timate, 1 ean dista f A fort en C bond lecule 
ind 2 | N B 
Wa 5(B 45 A N and Br. 17 kely a 
N H B I OH B 
led (1 ) O B Y A. | H 
S(Br) d dista A n OH 
d by R lirect 
B lah d 
geciaes 
ca ited Br | a B Sa \ ind 
neters is not compict 
M_G.R W_N. Lip 4 
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TABLE |. R FOR DIFFERENT CLASSES OF REFLECTIONS 


\TES AND AR AMETERS 


0-O0028 ) 0-0002 
00-0041 0-O0014 


00-0037 19] 0-0710 0-00 

0-0041 00-0173 0-003 

00-0045 ( j 0-0037 
) 0-002 


0-005 1 ) 0-003 


0-OORY 0-00 


( 
( 
C, 
( 
( 
( 


0-0033 0-002 
(0090) 44. 00-0039 


0-0037 0-001] 


4. Diagram showing bond angles. 


: 
10 
: 
ho 140 108 
j id 445 16 
odd 0-106 406 
j odd o-10 4°77 
A dd 0-108 153 12 
h xdd 0-110 455 20 6 
j odd 0-113 Is / 
2. CO-ORDIN ATOMS IN ONE MOLECUL! a 
Atom a é Bin A® 
0-584 0-389 0-518 0-0018 5-10 
; 0-491 0440 0-495 00-0097 633 
0-475 0-596 0-556 0)-0028 00-0074 5-4] 
0-544 0-697 0-500 0-002? 0-00 % 4-69 
1-627 0-643 () 543 00-0044 0-OO11 4:14 
' 0-604 24) 435 0-002? 0-001] 5.329 
0-68¢ 0-170 O488 00-0019 0-0077 6°33 
N 0-651 0-404 (463 00-0039 00-0004 
0-540 0832 0-0106 0-006? 
54 
‘ « 
*426 
4 
538 
A 
Fic. 3. Diagram sho g bo neth and atom imes 
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; / 
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| 


H. S. and W. N. Lirscoms 


The temperature factor of the oxvgen atom behaved abnormally in the final 


anisotropic least-squares refinement ( Table 2). However, since the isotropic tempera- 
ture factor for this oxygen atom behaved normally in the earlier least-squares 


refinements, we feel that this later misbehavior is associated with compensation for 


unrefined anisotropic thermal parameters of the Br atom which is nearby. Since each 


cvcle of three-dimensional least-squares refinement required one hour of computing 


time. we felt unwilling to carry out the necessary several refinements to test this 


surmise 

In Fig. 2, the directions and Q are parallel gen bonding directions, 
which are also approximate! amplitudes of 
vibration exist inthe P, Od along y, perpend 
ough the therma 


therma 


& 
108 
parameters were not completely refined. the tsotropic equivaicnts” of the 
parameters ror eacn ato were Calculated The res i B’s are listed in Table 2 ee 
Had we bec sure which motk ir optical isomer was present in Our particula ee 
small crystal, and had we been caret to photograph only one quandrant ol reciproca apse 
n fi f 
spa we no doubt could have established 1 absolute uration trom th type O1 
data’:* which were obtained. However, modifications of our comput programs to — 
inciude the ¢ ol compiex ato catterin iclol e sul Proeress, 
the tablis ent < e absolute co iration {tro X-ray ¢ dence belongs t Ss 
. 
7 later stage of this stud) ae 
f e Air I Resear to H.S. ¥ 
Dr. M. G. R Dr. R. A. J Mr. F. S. M 
*M.G.R R. A.J F.L. I { 
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TABLE 3. OBSERVED STRUCTURE FACTORS* 


Unobserved reflections are represented by * 


B, 50.2, 6.2, 18.8, 18.7; 
15, 20.7, 1.1; 328 
A 
‘ : 
. 
es 5. ‘ 
7 
y : . A. 
; 
ane 


TABLE 3.—continued 


a 
A A 
Te »7,8, 1- ‘ 9, 3. 6,4, 
12. 12, 16.8, 6. 10, 6.7 15- 
2, O- 6, 1, o- 
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THE “POSITIVE HALOGEN” REACTION BETWEEN 
BENZOTRICHLORIDES AND POTASSIUM IODIDE 


RELEVANT MECHANISTIC AND STERIC ASPECTS 


M. BALLEsTer, ©. MOLINET and J. Rosa 


Institute, Un 


Abstract 


INTRODUCTION 


nore 


bonded to a rb at earing eiectron-attracting groups, such as 


arboalkox' } it mi esu nstead in lation of the iodide 


acter ol the carbon-ha 
polarization induced by the ron-attracting groups w 
the normal! poliarizatl he bond.* lod 
ras which “positive nak a IS displayed 


From the viewpoint of the nature of the reaction products the “‘positive halogen 


reactions with iodide ion can be grouped into three classes 


A 
io 

Department of Organic Chemistry, “Alsonso Barba’ iversity of Barcelona, Spain 
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The “positive ogen” reactions of 2:3:4:5-tetrachlorobenzotrichloride and perchloro 

toluene with potassium i le eous acetic acid, at 10% ive been investigated. In the case of 

} — et meric 1 long with some 

?:3:4:5:6-pentachlorober e ¢ d The chief product of the reaction of 2:3:4:5-tetra- 

lerable amounts ol some 2:3:4:5 hen ive Deer 

teric inte yetwer 1 chloride s and the there en hibitior 
E reaction of an organic halide with an immmmanic iodide leads usually to sub- 
stitution of the halogen by iodine. Howev th organic halides the halogen of . 
vhich 
Carbon 
on to iodin n reactivity. 
This ogen bond 
due tends to 
reve reactants J 
LOW 
* The present article contair naterial presented in the XIV and XVI 1 , il Conere of Pure : 
1 Apphed Che ‘ Par 
). V. Backes. R. W. We M.A. Whiteley. J. ¢ nS 119, 359 (1921) 
H. Fink Ber. 43, 1528 ri 
H. ein, B 43, 
M. We i ind J. Ed B / §3, 1495 (1933 
W ind \ H B 37, 1904 
A. Perret d R. Perr B S Ch Fr. 1, 154 ; 
J. E. Leffler, J. A ( s 75, 3598 (1953 M. F. Hawthorne, / 77, 5739 (19 
d W. A. Waters. The Che i Fre R p. 252. Clas don Pre Oxtore 1946 E. D. Hughes 
; Quart. Rev. 5, 253, 266 (1951) 
‘ R. Altschul and P. D. Bartlett, J. Org. Chem. 5, 623 (1940) 
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Reactions leading to replacement of the “positive halogen” by hydrogen, 
e.g the reaction of phenacyl bromide which gives acetophenone,’ and the reaction 
of alkyl bromonitromalonates, which gives alkyl nitromalonates 
( /ass 2 Reactions vieldin 


condensation product 
bonded to tl 


by union of the two groupings 
Lit reaction ofl alkyl 
whicl alkyl ethar 


bromomalonates., 
Viate there is more than one “positive 
haloge to the same ca sation product may undergo 
ene. Such 1s the case of the 

tetraphenylethylene, 


lane can be isolated as 


“positive halogen’ as a 
envimethy! chloride® and 
the 


corre sponding Iree 


subiected at least to the electron- 
orine therefore 
assume t it ca | 


reasonable to 


it\ Accordingly. 
benzotrichloride 2 4 


me 
loride perchlorotoluenc 


no 


COLIC 


de and hexa 


ime conditions 


Apparently 
iodide 


chiorid 


Howe, 


odide ion ierel 


rerore 


een 


thout positive 


prod 


potassium iodide ind 
the reaction ol 


um iodide in 


potassium iodide in aqueous acetK 
of cis-perchlorostilbene, m.p. 230-5 
and some 2 3:4:5:6-1 


pentachlorobenzy lidene 


chloride nt for the cis isomer and 36-6 pel cent for t 


trans isomer lorobenzvlidene 


ne 


chloride formed, accounted only for 


* See 


Nawk SSSR 96, 87 
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‘ 
although the intermediate symmetrical dichlorotetraphenylct ii 
Well 
Class 3 Reactions vielding | Trouping bonded to th 
relatively stab ire< adica | cactio the p 
the reac m oT ris niirop yirmet womidc Vic din 
triarylmethy! radicals 
it ws found that trichioromethy! derivatives such as i 
tetrachlorobenzotrichloride, 2:3:5:6-tetrachlorobenzotrich 
an chioroacetic acid react easily wit odium or potassium 1odide ° 
solution, witl berat of sodin Chiorotorm, carbon tetrach|or - 
chloroethane fail however to react with iodide ion under the ;si___777 ooo) 
ae 
Nesmeyano a ive ound trichioroalk es, such as 1:1:1-trichloro- 
: 
pentar nert at the tric romet rroup towards sodium iodide 
: the trichloromet roup docs not display an cxidising character tow 
ion W onded j ead carhk tom 
As it tht be expected, dichloromethy! derivat such as benzy|i(ii-: 
and penta robe den de fi » liberate iodine. t has 
pointed out that di rodiphenylmethane reacts th 
halog¢ eacti\ 
The present work has been devised in order to ascertain the nature of the 
of the “posit loge! eaction of benzotrichlorides with 
to obtain iio irdil reaction mec m 
she tric de and perchlorotoluene with potass\ 
: acetic acid are to de con gered het n deta 
RESULTS 
The reaction of perchlorotoluene w a | 
A. N. Nesme RK. und L. I. Zakharkin, (ied. (1954): 
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8-9 per cent the initial perchlorotoluene. When the reaction was stopped before 


completion (2:5 hr) no intermediate was isolated. The reaction takes place very 


slowly at room temperature. Under the same reaction conditions, but in the 


absence of potassium iodide, some hydrolysis of perchlorotoluene occurs. When 


the acetic acid used was not chromic acid-purified the yield of pentachlorobenzylidene 


chloride incr€ased and, accordingly, the combined yields of perchlorostilbenes 


diminished 


The reaction took place by substituting iodine for potassium iodide After 


22-5 hr at 100° the yields were 21 per cent for the cis-perchlorostilbene, 15 per cent 


for the frans-perchlorostilbene, and 40 per cent for the pentachlorobenzylidene 


chloride 


Ferrous chloride could also be substituted for potassium iodide 


Ihe perchlorostilbenes were obtained by the reaction of perchlorotoluene with 


»owdered copper and pyridine, according to Karrer’s method of condensation of 


organic halides 


The molecular magnitude of the perchlorostilbenes was determined by Rast’s 


method, with camphor 


Ihe structure of the srans isomer was ascertained by nuclear perchlorination of 


trans-«:%-dichlorostilbene with Silberrad’s chlorinating agent'* which gave a good 


vield of the product 


Ihe ssomerisation of cis-perchlorostilbene into the trans form was performed in 


, , 
dioxane solution by ultra-violet mil Ihe vield was 62 per cent No isomerisation 


tOOK Place, Starting [rom either isomer, usin odine as a catalyst and working under 


lensation condit ons 


Dechlorination (wit powdered Zinc) OF the rans isomer yieided a product iving 


smatier cniorine content iney were not investigated turthe 


Attempted degr 


acid solution) or warm fuming nitric acid in the presence of mercuric ions failed, 
lor the perchiorostilbenes Ale quite stable towards sucl oxidisin 
When the reaction ol perchlorotoluene wit potass unl 10 \ Cal ed out, 


unde! 


benzvlidene chloride accou! 


iodide was also isolated i ne elds referred to the perc orotoiuens vere 


pentachlorobenzylidene chloride, 47-5 per cent: cis-perchlorostilbens per cent; 
frans-perchlorostilbene, 19-1 per cent Assum that from eve! nolecule of 

rt 
pel tachlorobenzy dene chnior de torn d a | cule Of toluene ed ito 
benzyl 1odide, the amount of the latter was 55-3 per cent of the tl etic The 

f tol left 1 ) th of nerchloroctilher nract 
presence toluene ieit the ratio of the yields of perchiorost enc practica 


unchanged 


It was found that under the reaction conditions, neither benzyl iodide resulted 


from attack of the liberated 1odine on toluene nor pentachlorobe 


by a direct reaction between toluene and perchlorotoluene 


p K arrer 


— 
ae 
an 
a 
\ttempts to perchlorostilbenes into a common derivative failed 
: the 1 | ol mer gave a product with a 
| ee of the per th chromic acid (hot acetic 
G contaming per cent OF purified toluene, pentacnioro- 
DE ed for about half the starting perchlorotoluene. Benzyl 
Webrli, Bied nand M. dalla Vedova, Chem. Zentr. 1, 1394 son, 
F. Smith. M. Stacey and J. C. 4710 $2 
ee O. Silberrad, J. Chem. Soc. 119, 2029 (1921); J/bid. 121, 1015 (1922) 


otassium iodide 


nstead @f potas 


4 
d 
adie ¢ same conditions The forme 
POLaASsSIU ‘ is 
+lieht. 7 66-2 per cx 
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Assuming that dechlorination of perchlorobibenzyl proceeds more rapidly than 


form O " hiorotoluene its concentration I vel h a substantial 


e to isolate orobibenzyl when 


»dide In 
‘action 


1€ 
dimerisation of the latte: ‘yl radical ¢ 1 then ict with 1odine 


to give benzyl iodide 


and W 
Chim. 72, 32 } lestvedt and hard, ‘ , 1769 (1955) 

** M. Szwarc, ¢ 

1° M. Ballester and ¢ iso pa y Yuin 54 B, 151 (1958) 


4 
value. ifs is in full agreement with the 
th iction tonned hefo ympletior 
Steric assista gue to ) sion between rtho chlorine atoms and t 
of th carbons De reaso or the extreme readines th which the 
pere jorovibde! aergoc¢ rinatiol Suc ntern trai s probab!l 
of dodecachlorobiber 
Th j ‘ f | wider ti 
\ ldin Tetr hi na ry hh 
hie LOLT ( | ( ) a Ca ed out 
radic wher vith nic Also, the decomposition of benzoyl 
peroxid hes loride tet lorohiher nah 
eac Oo ed to pos naiogen 
ore 
Z > \ CC 
d wal | 
It is well that | 
Well KNOW ilk iromatl ) na n nyarogen D nded to 
alpha carbon at Ss « ict as hyd: n dono free radical reactions This is 
due to benzy! eso ce stabilis: That fact might be t explanation 
ior the ormatl orop n the pyro! perchioro- 
tolue! Int p lysis perchloroben radical 1s, presumably, formed by carbon 
chlorine bond f a.*” 
| elore, 1 esults Of reactio perchiorototuene wit potassium 1 ‘ 
the presence toluene should be regarded as a hydrogen-atom transfe1 
| 
C.H.CH > C.Ci.CHC C.H.CH 
C.H.CH | > | 
A. 0 ywwicz, Ber. 17, 833 (1884): F. Fox, 26, 893): J. Kenne E. W im. J. Chem 
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and J. Ross 
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The fact that th molar ratio benzyi 1odide pentacnioroodel 
onl probably due to solvol of benz) 
— onlv about half the expected value is probably due to si is of benz: a 
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occurring under the reaction conditions, the required intermediate perchlorobenzyl 
anion makes it improbable. 


No such ionic mechanisms can provide a reasonable account for the results of 


the reaction in the presence of toluene 


Che possibility that perchlorobenzyl iodide could play a role as an intermediate 
cannot be rul re nable it hl benzyl iodide w d appreciably 
dissociate at the 1 ’ perature giving perchlorobenzyl radical. In fact, 


— 
peici 


chromic s] 
shows a ma 


(/ 270 mu: 4 11.400). Similar anomal ur has b recently found 


> 
4 
1 a oe appreciably at temp ures as low as |85° and this fact has been attributed to an 
excep naily facile homolysis of the carbon-—chlorine bonds of the trichloromethyv!] 
group when flanked two ortho chiorine atoms (steric strain).~° 
More ver. ) ) np vie | ] ‘ | dissoc ition nel oft the 
Cart er e DONGS are ul SU KCal sma nt se Of the carbon—chloride 
i bond it could De expected thereiore a ) temperature of decomposition for 
the perchiorobe! | 10d1d 
In ivolysis Of perchiorotoluene occurs under the reaction conditions. 
pe cat 1 account for t yrmat pe dical 
it | found t 100° 1 attack of iodit 1 with 
a as the fi tion of de. Ther if iodide with p ne in 
b aro ) re | ( do { nant 
C ) be du tne ch nt tu lid \ 
i CONFIGURATION AND RELATED STERK NHIBITION PHENOMENA 
it the stilbenes described ive D ad Da I 
ultra-violet spectra 
| (ra ord mol ind at tns 
than the form | unsul tilbenes 
In rder to ann iltra- let to th ‘ lered 
con t tO investi rst spect ] yenes 
measu it 
| n irun ore ene VDSO- 
t with respect to that of its « er (I i). Accordingly, the latter 
mum at loneer w ‘lenot! } 281 Mm 50) than ft] for ner 
25 M. Ballester and ¢ Mo t. unpublish reel 
j R W N York 7 
M. Balk and J. R d work 
=5 M. Balk ind E. Guar pu hed results 
| 4. Braude a S. W ght, Proer 5 Edited by W K e), Ve l, p. 126 
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x:x’-dialkvistilbenes:" the trans stronger mer Wave 
eths t cis } 
The anomalous spectra of the are all uladie Steric 
inhibition to resonance it is assumed tnat resonance if ut not in it 
frans some! S Stic Cu l ib ted 1 some my ‘ 
two benzene nuclei and the cents il ethviene bond ame pialic 
4 
\ 
usil SI rt atomic models it cicar IDS on ¢ DO . 
‘ 
, 
‘ form disturbed (1 Suc ect arises \ 
‘ hy mt weir tor a the ( 4 
produces practic Ol 
rs intensity of the low-frequency band, in the s-stilbene it results in an important 
™ hypsoc romic shift and a strong duction of the ensity of absorption 
In this connexion it as to De oned | u a-violet spectrum i the 
oe dichlorostilbene wa recorded by Arend However, because its maximum 
to that of tne s-Stiidenc he concluded. according to conhguravions 
the literature tor the Known -dichiorostiidenes that it was the cis 
‘HLS ki, B 25, 145 (1 
eae. * B. Ar is, Ber. 64 B, 
A. Blanck, Liehbigs Ann. 248, 17 (1885) A. Eiloar dmer. Chem. J. 12, 1 (1890) 
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connexion it is convenient to indicate that the configurations found in 


| 1} 
tetrachlorostilbenes are probably 


melting point rule, trans conhi 


Ultra-violet ligh ually convert fran isomerides 


4 
1, 
1 the cases Ol ~:x%-dimethyl- and x:x -diethyistilDenes, because the larger 
aan sphere of action of the methyl and the ethyl groups, it can be expected—and it has 
erg 
C xeen found—t t the absorption is nsochromically ited even in tne 
: ; uecac enes and the pe»rc specli- 
ay -H ( C ) are all 
th respect tot ol wer-melting 1som a gener: p romic shift 
decachlorostilbene (Fi b) may be ascribed to normal electronic « ct due to the 
substitution 
The configurations thus assigned are consistent with those attributable by the 
es into their cis forms 
‘ F. Fox, Ber. 26, 65 893 J. Kenner and E. Witham, J. Chem. S 1962 (191 E. E. Fleck, J. Amer ; 
C hy . 70, 2 1948 
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J. E. Hod ind B. E. I \ 32 t the 
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HER 
» mono-O-methyl ether (nonreducing) N- 
2) 
no-O- her (reducing) N-[I- 


n(2)-ylidene(4)]-piperidinium 


iy 


diniun 


Methiodid 


| )-diol(2.4)-one(3) 
openten(3)-ol(3)-one(2) 


uctone chloride hydrochloride 1-methyl-1-chloro- 


2:3-dihydroxy-4 pentadiene( 2,4) hydrochloride 


iperidino-cyclo 


Anhydro-piperidino-hexose-reductone hydrochloride 


= 
124 F. WEYGAND, H. Simon, W 
il Pipe ridino-hex yse-reductol 
piperidit n betaine (N 
betaine (N 2 « 
Piperidino- ose-reductone di-O-methyl ether N-[1-methyl-1 :3- 
dimet y-2-hydroxy- penten(2)-ylidene(4)]-piperidinium betaine 
(N 2) 
IV Piperidino-hexose-reductor ynoacetat N-[1-methyl-1 :2-dih 
acetoxy- (2)- de (4))-piper d betaine (N » 2) 
V1-Methvyl-4-piperidino- pentanol-(2 or 3) 
VI Anhydro-piperidino-hexose-reductone N-[1-methylene-2:3-dihydroxy- 
me nenten(2)-ylidene(4)]-piperidinium betaine (N —> 2 or 3) 
Vila Ar ro-piperid xose-reductone monoacctate N-[1-methylene-2- 
Vib A dro-piperidit e-reductone no-O hvl ether N-[I- 
) thoy nenten(2)-vlidene(4)]-piper: — 
bet N —> 2) — 
vil D nhydro-piperidino reductone — N-{I-methyl-2:3 
yds -cvclope (2) e(4)]-piperid vetaine (N —> 2) 
Vila D educto! onoacetate N-[l-methyl- 
Vill P vd let 1, ident phe di ne derivative 
fVi 
Villa Mono-O-acety! de f VIL 
= Villb Dihydro det tive of VIII 
IX Hydrogenation product of VII, 
XI itramalic d 
XIl of \ 
XIII Methylreductic acid 
XIV 1-Methyl-4-chlorocyc/openten(1 )-ol(2)-one(3) 
XV  J/somethylreductic acid 
4 
XVI 1-Methyl-4-piperidino-c) 
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(VIII) 
By catalyt enation of VIII, anilin | ystalline reductone with th 


summation form eH,NO, (1X) are formed nili sspli t also by the action 
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e with methylreductic acid. For th somer the structure of a 1-methylcyc/openten(1)- 
diol(2.4 e(3) (XV) was demonstrated. In view of the tautomer ts required by 
H, 
‘ 
4 
d 
R | d Vi eltine 
of Vil 
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Furt Vil, VI ra. The 
Vil VI AR fae 
i id band 
both d ¢ Nd \ ws of amides 
hy } | \ ci ry ne- 
iil cutral compo LO! nk droy pin Vi and VII can be acetylated 
or met ited. | t f further dipole measurements are tabulated in Table 1. 
| That may have its basis in the fact that a planar five-membered ring [i ; 
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VII lie far above those which were calculated from the formulations Ic and XVI. 
The O-methyl ethers I 


nd IIIf show dipolarity to even higher degree than I and VII. 
The methyl ethers would be expected to giv 2 to 3 D, if they were 
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up is present in VI according to the Kuhn—Roth determination, but it is present 
I hydroge ation of VI to VII 


= 
aga 
| | 
al | 
( 2 : 
\ yi Or a 
V1 () itt) to 
Vi 
Vi nd VII nnorted also bv t r U.N 
( 
or For a complete description of VI and XVIII ictu ybably 
St derivatives. only VI and XVIII of all the « co 1. They 
show strong vellow Colo is ao ics | tor nosen aromatic 
J. Rosen, A 27, 111 
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nucleus is positive for VI. Different structure in I and VI is shown by titrations with 

Tillmans reagent. Although I reduces this reagent instantly in acid solution below 

pH 4, and also in alkaline solution, it reduces very slowly at pH 6 to pH 7 at 25 

Donation of a proton to either the nitrogen atom in Ic or to the oxygen atom in the 

betaine—like structures is doubtless a prerequisite for reductone formation from I. In 
| 

contrast, VI reduces Tillmans reagent instantly in neutral aqueous solution. which 


indicates that the nitrogen or oxygen is more readily if not alt y protonated. After 


a few milliliter ilmans reagent (or iodine) is consumed, iclds dark purplish- 


T 


brown substance in a manner resembling the beha r of rogallol under these 
conditions, and quantitative titration is thereby precluded nal he empirical rule 
ot Savtz 
not m 
shift of 
of XVII) is pos 
Nevertheles 
mono-O-acety 


one active 


C spond 


ery ed. 


-labelled 


noles in 


i not be 


The 
1iodoform test was positive, but the yield was low ins rea was not reduced lilute acetic 


acid. After hydrolysis in hot 2 N hydrochloric acid, Tillmans reagent iced. No hydrogen was 


emma hydrogen was found by the method of Zerewitinoff. Also, by isotopic 
og ee exchange experi ts on VI in water that contained tritium, smaller tritium values 
ve ted than that calculated for one exchangeable hydrogen were always found. (3) In the F 
ce region 900-1600 cm~, VI shows so m sorption bands that do not corr 
os : with typical fulvene bands. The « cteristic f ne band at 900 cm ; obs 
peige : but against it t (CH) cis band of conju ed double bonds is not observed. 
Investigation toward clarification of the mode of formation of I from C“ I j 
glucose are in progress at the Technische Universitit of Berlin-Charlottenburg. 
EXPERIMENTAI 
Part\: By J. E. HopGe and B. E. 
Piperidino-hex li Piperidino-hexose ctone, 423 
(20 mr vas et! i-lo es) iSNsS droxide. 6 ml 
(30 n es), s added dropwis th cor r of the xture. 7 flask s cooled to 
4 keep the temp below 20 After standing at 25° for 15 clea ellow s neutralized 
with a few drops of dilute sulp c acid, tl t was ex ted th chlorof I nm ion of the 
: dried extracts gave a syrup which cryst ed completely. Cx ess prisms ere ‘tained by re- ; 
’ crystal tion fro +5 benzene, 3-5 ¢ (77 p cent of theory), m.1 140—142 A second re- 
: crystallization from acetone gave the pure compound, m.p. 144°. (Found: C, 63-6; H, 8-50; N, 
6:13: OCH,, 14-9: C,.H,,.NO, (225-28) re C, 63-97: H, 8:50; N, 6:22; 13-78%) 
When 1 mole of II was treated with 4-6 moles sodium metaperiodate, it consumed 2:5 fa ‘ 
1 hr, 2:8 moles in 24 hr, 3-0 moles in 48 } nd 3-1 moles in 72 hr. Formaldehyde coulda 
detected 
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up in neutral aqueous solution with Adams platinum dioxide catalyst; however, when the 
wdrochloric acid, 3-4 moles of hydrogen per mole of II was absorbed 

5° (3:3 moles in 6 hr) and yielded no 


4 (3 


taken 
solution was made 0-1 N with | os 
at i solution consumed periodate at 
formaldehyde Ferric chlor de gave a red Pp irple color 

2099 mu: E! 


25 The hydrogenatec 
Ultra-violet absorption measut! 1530 in water and dilute alkali. 

0-1 N hydrochloric acid / Z 1435 
vellow picrate of ind: N. 12-3 (Dumas) requires: N, 
droxide gave the di-O-7 i ether (ill), 


(0-100 


2 

ge 

7 

Ir 

1? 
m.p. 58-59-S’, described below 

> 
Pipe exose-redu O-meti ether (ID. Piperidino-hexose-reductone, 21: 
mole), was stirred eri wen at 5 e dime p (0-39 mole), and 52 
of 50 per cc vt/wt) se ere droppe ne yu t eaction 
V 
a mixture for 30 , | ved to st 8 fo Methy yn 
faint | H n2Ns c acid at 
2 P | cto ispended 
ae 
the Re Ace tion 
(Fou N. 5-54: CH,.CO C,.H,,.NO, (253-2 N 5-53: CH.CO. 16°99") 
I ce | +N ace However, 
7 
Wher ce I< 6 pe 
expe ns. In 
wit! cry ; (cle evi n) 

25 uc ICTS Ihe cry clo ed and iter Standing 

=A at 25°, the precipitate s filte ( water and acetone ed. Yield 4-2 g, 98 per : 
es a cent ol y, m.p. 229-231° (decomp); the mixed melting point of this compound with 1 was . 

unchanged 

4 

: 
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Piperidino-hexose-reductone chloride hydrochloride (XVII). Piperidino-hexose-reductone, 5-30 g, 


was suspended in 25 ml n-butanol and 50 ml of a cold solution of hydrogen chloride (21 per cent 


wt/wt) in n-butanol was added under nitrogen. 
over 15 min, it was filtered, whereupon crystallization began in the filtrate 


After the clear yellow solution had warmed to 20° 
Dilution with ether, 


storage at 0”, filtration, followed by ether washing and drying, produced 5-65 g of white crystals, 85 
per cent of theory, m.p. 167° (decomp). The product was purified by stirring it in 40 ml 
butanol—hydrogen chloride at 35° for 10 min, adding ether, cooling, and filtering as before. Yield 
4-6 g, m.p. 168° (decomp). (Found: C, 50-4; H, 6°54; N, 5-29; Cl, 23-7; C,,H,-Cl,NO, (266-17) 
C, 49-63; H, 6°44; N, 5-26; Cl, 26-64%) 

on of the chlorine with silver sulphate, Kuhn—Roth oxidation gave 0-5 mole of 
pound (XVII) was not stable; it turned bright yellow in 
calcium 


requires: 
After precipitati 

acetic acid per mole of compound 
moist air and lost hydrogen chloride and turned brown on long storage in a desiccator ove 
| om > purihed mpound after 


be recoveres | | 
XVII reduced Tillmans 


The con 


chloride. Piperidino-hexose-r« 
I 
tion with sod us solution « 
gave a deep blue-green color with 


Neridino- 
Pipe 1dino 


> reaction 
ter-cake 


vacuum desiccator oride to 
constant per cent of theory A sample of the product, yStallized from 


- 
4 
* 
; 
: 
} 
ferric ¢ de solutior 
ope ; hexose-reductone chloride hydrochloride (XVII), 10-0 ¢, was allowed to stand in 50 ml absolute 
methanol al eve The ora ) ) tered n conce ed 
vac i crys ne re e which was cuior th ethe Dried in vacuo ovet 
oe ’ cak chloride for 48 hr, the product ed 9-0 3 per cent of tl p. 138° (decomp). A 
44 (Found: C, 55-08 ( N, 5-35 ( (261-75) 1 55 7-7 
14 H NO, | ) require ( Of H, 0; 
A corresponding mono-O-et/ nya formed sin rly Dy XVII to stand 
in abs e ethanol f m.p. 142-143 p Yi 60 per cent of Found 
C, 56°65; H, 7-95; OC,H;, 15-6; C,;H..<CINO, (275 ) requires: C, 56°62; H, 8-04; OC.H,, 
Pip j Ou» j j j pro I] 1) 2 nono-()- 
to reduce the pH to4. § cle é sed crvst cur. and 3-7 ¢ 
ol ac Va ‘ | ns IT DCT ene nit pet el ve 
e dense, ¢ ess cry p. 153-154-5 I nd: C, 64:17; H, 8-33: N, 6:12: OCH,, 140; 
C,.H,,.NO, (225-28 es: C, 63:97; H, 8:50; N, 6:22; OCHs, 13-78°%) 
This ore c solvent nd less solub ter than Il 
Like I ive a me oO ! tre | nal ca nt ve ( eve wnen 
a arop cetic acid ( dD ned re er tery 
The nd cor ed exact ex e in dilute acetic ac Ferric 
chi« P el, b nlike I] 
( n of O hy r (Ila) VI ( f hano The mono-O-methyl ether 
wit educto propertic { n 31 n-butanol and 31 on ol 
hvd cl ‘ vt/wt t added Heatir I cc ed 
fc ved by cooli mave a A 0-35 9, m.p. 173-175 decomp S ng the 
bright ve w cryst m.p. 19¢ co properties with VI. ethyl deter- 
mil I met | K I Rot I e ol icid 
{ lro-pip i ne hy XVIII). Piperidino-hexose-reductone, 320 g 
(1-51 les) s suspended in 250 ml n-but nd 1490 g of a cold solution of 10 per cent (wt/wt) : 
: hydrogen chloride in n-butanol was added i nder nitrogen atmosphere The reductone 
a ' partially dissolved in the cold then cryst the colorless chloride—-hydrochloride (XVII) m.p. 
6 168° (decomp). Upon heating the mixture with ste o 55° in 8 min, XVII dissolved; then, at 60-65 
4 (10—12 min) a second /Ayd le, yellow in color, began to crystallize from solution. The 
q = mixture was held at 66—70° for 15 min. then it was cooled rapidly to 22° and filtered Th : 
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175-182° with decomposition (Found , 580; 


Si: H, 7-02; Cl, 15-44%) 


standing 3 ye 
al cars ina 


4 
& 
4 ig 
134 
H 0: Cl, 18-3; Cy, (229°/0) requires: 
to XVIL. te stable (unchanged after 
t of VI, mp. 166 
args 
\ 
NO 
( 
2s 
‘ ‘ 
cy ( 4 
An 
‘ y 0 
, 
en by Il. 7 cetat tion gave Il, m.p 
14 
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ductone mono-Q-methyl ether (Vb) formed fror 


‘ 

135 

per nil and from Ill. Ten 
n « semandad im « mall 1 
of Il, Suspended in 25 mi n-butanol and 25 mi of a n-bh 5 ition that 

I OCH,, 
( 18-4 H ( HO 
no 
© 
it 
r 
‘ 
AC 
4 
K 
es 
6¢ 1520 
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(Vila). Following the acetylation pro- 


wo re tons from a-heptane. 


CH.CO, 17-5: C,,H,,NO, (237:29) 


Vill P 


136 
cedure prescribed for V1, VII yielded colorless cry 
requires: C, H, 8:07; CH,CO, 
Pi het hy cle 
| 
Vil Vill : 
‘ 
C,.H..N.O, (2 ( H 4: CH.CO 
\ 
Part By F. WevGann, H. Simon and W. Brrreruics 
1(2 00 2N thas 
a I te f t nt t became 
ft the < or ¢ css 
Aft ip t 71 Found: C, 71-94; H, 11-36; N, 7-66 
»9) requires: C, 72-06; H, 11-55; N, 7-64 
4 s shown by Z tinofl Ih bstance extremely 
Se \Vethiodide (XID) and Hofmann degradation of V. One g V was heated with a tenfold excess of 
theo 
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methyl! iodide in 20 ml! nitromethane under re sr distillation of the nitromethane and 
ition of the produ en Wi 2 und: N, 442. C,.H.,INO (325-23) requires: 


de (X11) w 


yield th 


H, 6°03 


By I 


- 
ee For the Hofmann de dation, | ¢g of the quaternary iodiEEEMas transformed to the free 
base witl I tion dried. The res nposed at 
150° 1 N ) ted p. 148 
(Fo N, 16°76; C,.H,,.N,O,; (328-28 N 
id P ) ) \ oul 
hue 
ol 
: ( | Nf) 4 
H A 
Rt \ 
74 
I Prussian 
all 
h nated at ro ended 
nit wey Li eT | | 62 
H. ¢ 17-68 ( H..NLO ( 66-04 H. 6-44 P 
Oxida IX (12 r) 1 50 ml 
water by W hile iS} ‘ ola 
3 ent tion wv Iroppe 40-50 obt ed DY 
cvapo | \\ tea I | t wa ed lt The 
mono onium salt of 7 ccinic acid so ot " C.H,,NO,) i e hydro- 
chloric acid. After distilling off the ac t! iry re en cle ir cetone to 
} a lion the pure acid, m.p. 112 nd: C, 45-37; 
(132-11) requires: C, 45-46; H, 6-06",) 
[:. C. Nelson of the American Group 
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melting point { melting point with authentic 


p. 160 161°). 
Vilint water and 
10 min 
under 
which 
icetone 
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4 
138 F. 
by 
p. 104-106") and a | 
A fte ssoly 
pre | | mi water 
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| e ol 
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(Received 6 Ne 


Abstract 
P 
Resum¢ 


ETANT donne I’interét 
produit de depart p 
| 


nous avons cherche 


stance rela 


zetP.J.S 
7, D.M nid et P. J 
ann et C. S. Hudson, J. Amer 


. 
vember 1958) 
1:6-anhvdro 1) ctopvranose ed f se ina 70 per cent 
lu | iro D-g ndement global 
partir de galac e ¢ ns lement | 
presente le :6-an D-galactop nose (V1) comme 
! i synthese de derive ctose et de la galactosamine’, 
a a tre au point une de p ttant d’obtenir cette sub- 
tivement fac ent ¢ vec Ul t¢ enable et, jusqu’a 
: present, le | :6-anhydi e nec [ ele pre re pal 
S, pyrolyse du lactose Si cette méthode est s t | led t peu cotiteux, 
le rendement en est faible. Il est donc ex I é p 1 pre- 
fee paration de dérivés 1 jues par le carbone 14d r a étude du métabolisme 
Ul LOS Lai UU 
Le sc 1 de eq nous te les s es ivants, a 
partir du galactose 
H bd > A AcC 
HO H Ac 4 AcC H 
Hy 
HOA H OAc 
( H H B 
H—C—OH H—C—OR H OAc 
( 
O KOH ] 4 
HO—C—H < RO H AcO—C—H i 
O 
HO—C—H R C—H 
H—C H—C 
CH CH,OR CH.OAc 
VI IV R=Ac 
V R=H 
* Massacl tts ¢ ral H xital. Boston 14. Mas i 
1R.W.J Ch S 76, 5682 (1954); R. W. Jeanloz, lbid. 76, 5684 (1954); j 
R. W Ston 79, 258 S57) 
Chem. Soc. 64, 2435 (1942) 
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Afin d’améliorer le rendement, tout en simplifiant les manipulations, nous avons 
étudié les divers stades séparément de maniére a éviter l'isolement des produits 
intermédiaires. Par cette séquence, basée essentiellement sur hydrolyse alcaline 
du f-phényl-galactoside (V),* il est possible de preparer le 1:6-anhydro-galactose 
(VI) avec un rendement global de 70°, 4 partir du galactose et sans purification des 
produits intermediaires 

Le procédé le plus direct pour preparer le B-phényl-tétra-acétyl-galactoside (IV) 
consiste chauffer le /-penta-acétyl-galactose (II) avec le phenol en presence d'une 


quantite catalytique d’acide p. toluénesulfonique ' Cette méthode presente toutefois 


l'inconvénient d’exiger la séparation préalable des penta-acetates anomeres par 
] 


cristallisation, l’isomére §, obtenu dans le cas le plus favorable avec un rendement de 
50°,.° étant seul utilisable ‘au part, méme en présence d’une quantité reduite 
d’acide iuenesulion Va meris t une imp rtante proportion 
d’a-phényl-tetra-acety! toside, in sable dan uite, est formée. En conse- 
quence side ne peut se faire 
par cette e qu'avec ndement de l’ordre de - seuleme! Pour cette raison, 
ill supple- 

nentation con- 

réaction 

ion et la 


l’occurrence 


ridine, 
des 


rende- 
e directe- 


lon 
tlactose 

ode de 

expeéri- 

1° . } 

1 de | acetooromo- 


endements 


| ry ite 
presence de phenate 


tenir le mélange 


: 
| 
ite 
formation prépondérante de la forme stable du derive halogene, en | 
ce pe tp imple G ge aes is a ix é 
penta-acet qui c¢ ‘ t pa cide D lriague. | 
ment su] ra yu i rec 
Le produit brut, cr (R 7-9 ), peut d eurs étre employ 
ment poul pal nd | nvi-tets cety Laclosiac 
Cette nsi tion a ete reaction de 
K oeni K nor Diverses dificatior nt ete apportees au 
: mentaies ais te renac ent ¢ este eric a OU 
Nous avons a s essave le p édé de Micha soit la reactior 
galactos¢ c le | nate de potassium Gans diverses conditions Les 
ont cte t 
Fin ent en utilisant le phénol lui-méme comme solvant, en Zi 
Ut pot \ \ Lil Ut are amain 
react a etal at perature ordinaire I avons pu obteni le p- 
phenyl-tetra-ace ct e avec un rendement de 64 Au cours de cet essai, 
‘BH Ber. 77 
r. J.B \ $88 Nation B of 
W.K K 4, 
‘Dp. ( 60, 2 M. McClosi R. E. Pyle et 
( 66. 34 14 
ey r. W. L. t H. Hit t. J. Amer. Chem. Soc. 62, 1412 (1940 
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l’excés de phénol et le phénate de potassium ont été éliminés du mélange réactionnel, 
dilué dans le benzene, par lavage au moyen d’une solution aqueuse glacée d’hydroxyde 
de potassium a 10°,. Or, nous avons constaté d’une part que le /-phényl-tétra- 
acétyl-galactoside pur soumis a ce traitement ne peut pas étre récupéré entiérement, 
vraisemblablement par suite de la saponification partielle de groupements acétyle. 
D’autre part en hydrolysant directement le /-phenyl-tetra-acetyl-galactoside (IV) par 
I’hydroxyde de potassium, sans séparer le /-phényl-galactoside (V) intermédaire, 
nous avons obtenu le 1:6-anhydro-galactose (VI) avec un rendement de lordre 
de 90 

Dans ces conditions, afin d’éviter les pertes dues au lavage du /-phényl-tétra- 
acétyl-galactoside en milieu fortement alcalin, nous n’avons pas isolée ce produit a 
l'état pur. Nous avons simplement neutralisé exces de phenol par la quantite 


stoechiometrique d’hydroxyde de potassium en solution aqueuse et extrait le produit 


par le benzéne. Aprés évaporation du solvant, le p-phenyl-tetra-acetyl-galactoside 


brut a été hydrolyse par hydroxy 

Le mélange fut ensuite débarassé des ions pot im, de l’acide acétique et du 
phenol par passag ir deu lonnes ré ; ans ; d’ions: Permutit 50 et 
Deacidite 


galactose 


PARTIE EXPERIMENT 


: 
lie 
se fut obtenu avec un rendement de 72”, a partir de l'acetobromogalactose. 
2 ] 
* lange de 1.8 ed ct 12, dit } eet 9m! 
1s nt és 1 1 eurs 
dep 60°. | sirupeux, et dé ssé 
ag es t est « pres 30 a 60 nutes et 
le m« e est es er t. Le es sont ¢ és 
etneree a 
| 1) (VI 4-] cet t sont sous 
a 40°. Le me empec est er pal 
unc wie 
bet t benze eche ce ‘ e et le 
par cna ea 4 4 ae 
Les 1ons nt¢ ne p e colonne ck e Pe t 50 (H*), 
‘acide acetique et le nt retenus ¢ te nne de Deacidite 851 L’elution 
7 azeotre vec 
af i N tenons a re cier Maison Philips et P p don gracieux des re es échangeurs d‘ions 
1! G. H. Coleman, C. M. McCloskey et R. Kir / a r. Chem. 36, 1040 (1944) 
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de l'anhydro-galactose est controice par ie test de Molis! I evap 
obtic ctose ¢ 220-221". MBhdement: 72 
hte ‘ ed ( oe é par agitation pendant 24 h 
i”) \ trat 
Ren N M R.H.M Monsieur 
: 
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CHEMISTRY OF THE PODOCARPACEAE 


CONSTITUENTS OF THE HEARTWOOD OF PODOCARPUS SPICATUS 


1 B. I 


. Ab tract arus. 
ilready been 
: 
‘ } 
| 
EXPERI NTAI 
M by Dr. A. R. ¢ Unive f Otago. | violet . 
R L.H.B D. A. Peak, 
\ 
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ao Ge evaporated, the residue finely ground and suspended in dilute sodium carbonate solution ae 
product h was in hot 
lc epeatedly crys cx cid podosp pale yellow needles, 
m.p 
H. 4 OMe. 18-8: ¢ for C,-H,,O C, 61-8; H, 4: OMe, 18°8 ) 
1314-4 etat id 
ed 
: 
4 C, 61-4: H., ¢ O C, 61-2; H, 62%.) 
The me : 
by 
= 
}OMe, 50-5 » re k 3:4 xy- 
pacnor) 
icky \ tanc Ch society e Rocks 
f rN y \ N / \ ent 
of S f New Ze G tee of University 
of New Zealand by c of (B. F. ¢ y Research Fur re 
1. Prakt. Chem. 102, 41 (192 
°E. A. G. Perk R. R 
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THE ISOLATION OF 


AND THI 


Abstract 


INa nore svsten 
and podospicatin have 


Ol 


er constituents will be 


The remaining structural 


two methoxyl groups 
vicinal phenolic groups 


is unmethylated 


methoxvisoflavone 
triethyl ethe \ 


phenol 


iworou 


and an acid 


expected from | 
identical with t 


methoxypheny!| 


therefore, 


Podospicatin 
Beton’s method." 
In agreement with Swain 
podospicatin, its 7-methy! 


of aluminium chloride to the 


CONSTITI 


ic CXtraction 


7-methyl and 


a marked shift 
and 2 


ethanolic 
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PODOSPICATIN 


17US 


H. BriGGs and | 


“artwood ol Po locarpus 


and, in addition 


con unication 


rther 
i for podosp catin 


Bar 


rroups of tl -pheny! 


gave no positive 


hydroxy! com- 


ydroxyphenols with loropentammino- 

the basis of th loul podo- 
imethoxvisoflavone or 2 

rect was shown by 
nt ol podospicatin 
3:5-diethoxy-4-methox 


ypne 
Che synthet 


CLic Con pound Was shown to be 


2-ethoxy-5- 


Pod spicatin 


7-dimethyl ether were prepared by Simpson and 


n the ultra-violet absorption spectra of 


7-dimethyl ether, has been observed on the addition 


solution 


7. 104 (1942) 


2 
Tetrahedron, 1959, Vol. 6, pp. 145-E Lid. Printed in Northern 
— 
|. 
¢ remustry, | niversity ol A ucklanc New 7 Ci nad 
Recei 10 November 1958) 
cen isolated fre the heartwood. Podospicatir been shown to have 
the constitution 5:5 oxy-2°:+( ethox ne 
the he spicatus matairesinol 
gain been isolated the isoflavone genistein 
feature requi is the position of the 
since podospicatiN test for three 
ponent Tests for o- or 
cobaltic chloride* were also negative 
spicatin ts either 5:5':7-trihydroxy-2’ :6-« 
hat ti lett 
s alkaline tre: 
The same phen 
th possible formulations 
it obtained by degradation. The acid was shown to be EE 
EEE acetic acid by comparison with a synthetic specimen. 
Ve 
L. H. Briggs and B. F. Cain, Tetrahedron 6, 143 (1959 
G. Bargellini, G 49, 47 (1919) 
Sa i, J. Asano and Y. | », Bull. Che lapan 
*T. H. Simpson and J. L. Beton. J. Chem. Soc. 4065 (1954) 
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EXPERIMENTAI 


Ultra-violet spectra 


arried out by Dr. A. R. Campbell University of Otago 


Microanalyses 
was successively extracted with 
aporation of the light petroleum 

little light petroleum this was 
podospicatin, m.p. 213-5 214 
oride soiutuon, 275 mu (log 4 34). 
1567, 1499,1464, 1435, 

803. 742. 


M.p. and 
uld be sep irated 
action with 
gation 
resinol 
ied with 

66 
4-59) 
methyl! 


Seshadri 


nm acetone was 


4 
4 
cI 
13/70 
ue The crvstalline material, which formed after concentration Oo! the ether extract to 1/10 volume v 
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+ 
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(200 ml) in the presence of anhydrous potassium carbonate (60 g) for 16 hr. The material from the 


acetone solution was taken up in ether and washed with sodium hydroxide solution and the solvent 


removed. 2-Ethoxy-5-methoxyallylbenzene was obtained as an oil. b p. 174-17 p.)/5 mm 


he oil (700 mg) was finally ozonized in carbon tetrachloride (25 ml) and the ozonide decomposed 
and oxidized by solution in glacial acetic acid and treatment with a mixture of hydrogen peroxide 


(30°, 2:5 ml), sulphuric acid (0-1 ml) and water (5 ml) er reflux for 2 hr. The product was taken 


up in ether and the acidic material removed with sodium hydrogen carbonate solution. After acidifi- 


cation the material was repeate crystallized from water to give colourless plates of 2-ethoxy-5- 


methoxyphenylacetic acid, m and mixed m.p. with the degradation acid, 101—102 The infra-red 
spectra of the two acids \ identical 


Podospicatin 7-methy ther Podospicatin (554 mg) was methylated by refluxing 
sulphate (0-31 ml, I-I n in acetone (150 ml) in the presence of sodium 


vith dimethyl 
donate (10 
for 21 hr, with continuous passage of carbon dioxide. The product crystallized m glac acetic 
acid in pale yellow, tang lates, m.p. 206:5-—207-5 (Found , 62 ae OMe, 27-0; 
Calc. for ¢ H.O, (OMe) 
Ultra-violet spectrun 67 mg/l! (loge 4-11) 
0-1 ethanolic aluminit loride 77 mu (log 4°23), 307 mu (log 4-05) 
Infra-red spectrum [ 3125, 2915, 2849, 1650, 1618, 1580, 1490, 1456. 1425 
1321, 1287, 1276, 1236, 1211, 1139, 1080, 1059, 1041, 1010, 976, 932, 877, 855, 826. 
741, 719, 699 cm 
The product was soluble sodium carbonate solution and gave a 
coloration 
Podospicatin 2’ :7-dimethyl ether solution of podospicatin (173 mg). dimeth l ate (3-6 ml), 


ethanol (21 ml) and N-sox 


20 min, 
(100 


acetic 


H,O.(OCH.) 


diluted with wa 
acid in pale plates, m.p. 120-121:5°. (Found: C, 63-25: H, 5-0: OMe. 30-8: 
Calc. for C,, C, 63-7: H, 5-1: 4OMe, 346%) 
vee Ultra-violet spectrum (78-3 mg / 262 mu (log ¢ 4-44), 300 mu (log « 4:25). 7 n Ov] 
ethanolic aluminium chloride solutior 2751 (log 4-53). 307 mu (loe 4:46) 
ee ; Inf ed spectrum (KBr): 3546, 3257, 29¢ 1650, 1623, 1580, 1497, 1458, 1357, 1299, 1232 
1215, 1179, 1142. 1079. 1060. 1040. 1018. 9R¢ 43. 9] 861. 817. 803. 770. 739. 714. 699 
The } oduct was soiuDile in sodium hydroxide solution and vave a 7reen ik c chioride ¢ ration 
icknowled eni Assistance grateiully ack viedged trom the Chemical Society, the Rockefelle ; 
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REACTION MECHANISMS IN REDUCTIONS BY 
METAL-AMMONIA SOLUTIONS 


Bircu and D. NASIPURI 
Lr sity of Manchester 
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Abstract 
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RECENTLY! the mec liquid ammonia reductions of 


Liew {1 in terms of the initial addition of a 


Giscussea 


in 19442 but shortly thereafter aban- 


monobenzenoid compou! 


hydrogen atom, an 


ood reasons. We feel that a further critical 


doned for wl 
consider of our b 


was that of Wooster! 
yermitted the reduction 


lihvdrobet absence there was no 


zene, 


vided some e\ Ikvl- or methoxy-benzenes are 
sin did not ani amine the products in detail and 

j yb rFenes 1] “ » 
wri ubstituted- :4-dinyarovenzene were 


later s 


In the ca l cyclic compoun 


& 


known (e.g.*) that reduction 


arried out il addition of metal elec- 


by the action ol a proton source 


(often in > working-up process) leads to a hvdroderivative (e.g. II). We were 


impressed by the fac carried out under the correct experi- 


t that if the processes 
mental conditions the same product can be obtained from a two-stage process (when 
this is possible) and e-stage process. We were reluctant, therefore, to postulate 


a new mechanism, such as hydrogen-atom addit to account for the benzene 


reduction if a reasonable explan ition could be found for the facts above. In lectures 


D. M inn. 614. 47 (1958). cf. W. Hiickel and I. Nabik, Ber 


Ber. 90, 2017 


- 
~ a 
( Receit Is nber 1958) 
ad aco j ( y to cla he literature soquinoline and dl- 
are b eadily reducible by this method 
ief that all of the pheno- 
oe mena can be correlated and explained on the basis of an initial stage oO! electron- eget 
addition 
hee. In fiai stage of reduction 
by he first observation of crucial importance in this field 
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5-dihydrobenzene 
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Reaction mechanisms in reductions by metal—ammonia solutions 


over a number of years (e.g.°) we have advanced an explanation based on the follow ing 


equilibria and reactions: 


ROH 


> ArHe 


2ROH 


Che important factors are the position of the equilibrium A, whether equilibrium 


B can be established at all and whether a sufficiently acid proton source (e.g. ROH) 


is present which can protonate the anion-radical. There is ample evidence for the 


reversibility of the electron-addition stage. If the substance Ar contains only an 


isolated benzene ring, not carrying a carboxy] group, equilibrium A will be much 


further to the left than if Ar is polycyclic, when Ar will be much more stable. 


Addition of a second electron (equilibrium B) seems also very unlikely in a mono- 


benzenoid system, although it is possible (e.g.4) with polycyclic compounds in the 


presence of a solvent such as ammonia, which is polar enough to stabilise the resulting 


ions by solvation. This solvation in fact explains the favourable influence of ammonia 


on the reduction processes in general 


If the equilibrium A is produced at all with monobenzenoid substances then 


protonation of the anion-radical will permit reduction to proceed irreversibly 


| 


Ammonia apparently cannot provide th 


e necessary proton because of its low acidity 


(pX about 34) but alcohols (pX about 16-18) can do so. This can be rationalised on 


the expected low basicity of the anion-radical, by analogy with ketyl radicals.® and 


is supported by the fact that even anions of type ArH© have a basicity of the same 


order as NH, With more highly acidic proton sources (the limit has not been 


defined) evolution of hydrogen gas occurs as a rapid competing reaction. The evolu- 


tion of hydrogen gas from sodium and alcohols in ammonia is very slow 

The first stages of the process are formally, but only formally, equivalent to the 
addition of a hydrogen atom. The distinction is important because on our mechanism 
it 1s possible to arrive at conclusions concerning relative rates and possible products 


by considering the nature and reactivity of the anion radical on the basis of the known 


electronic effects of substituents and of the ring svstem. For example, increasing 


difficulty of reduction can be correlated with increasing substitution by electron- 


repelling groups.' 


We must briefly consider the evidence put forward by Hiickel er a/.1 to support 
the hydrogen atom mechanism [he effect of finely divided transition metals in 
preventing reduction,' first observed with iron? we have attributed to an acceleration 


Kali metal and ilcohol In ammonia to give hydrogen gas: 


of the slow reaction of a 


i.e. adsorbed hydrogen atoms are catalytically formed on the metal surface and 


combine to hydrogen molecules. thus rapidly removing the reducing agent. A possible 


100 (1957) 


\ 
A.J. Birch, Quart. Rev. 69 (1950) 
A. J. Birch, J. Chem. Soc. 811 (1945) 
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nitrogen compared with carbon. The production of dihydroisoquinoline in absence 


of ethanol! is to be expected not because the initial step is different but because the 
anion (V1) should survive until the reaction is worked up since its negative charge will 


prevent further electron addition as noted in cases.*® 


expecting 
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second proton | already been considered in 


iv 


experimentally that anions of types (X11) or CXIDD do lead 


on irreversible protonation to unconjugated dihydrobenzenes identical with those 


produced by direct reduction of the corresponding aromatic compounds Such 


mesomeric anions are therefore likely intermediates in the reduction, as already 
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postulated. Hiickel es al.’ apparently do not disagree with our views on these later 


Stages 


We feel that the problem of the initial stage is not yet settled, but that our approach 


can at present explain all the known facts, and that it provides a more logical basis for 


correlations and a better aid to finding appropriate experimental conditions 


EXPERIMENTAI 


guinoline (12-5 g) in liquid ammonia (300 


Ins A fle 


b.p. 100 


The 
requir 
It was four 


the yield of 


Wilh 


so CACESS 


sumably 2(cyclohex-2 
requires ¢ 16°45: H, 7-9; S, 15°65 ohexylphenyl 
sulphide“ 258-5 mu 7000) 
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Re duction of woouw j 
Ae) (a). Toa s Of cc) and ethanol (45 cc) was 
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wale vas ind tf product worke | O five a vello D.p.l 22°/10 
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isoquin irless (11-5 g) b.p.118-120 /10 Ihe picrate had m.p 
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GEWINNUNG UND EIGENSCHAFTEN EINIGER 
rITANORGANISCHER VERBINDUNGEN 


G. A. Rasuwasew, L. M. Bospinowa und V. S. ETLis 
Gorki Stadtuniversit, U.S.S.R 
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Zusammenfassung rids mit den Alkor 


Abstract 
C.H 


im Molarve 
n hat, bem 
inzunehmen, dass 
4 


ne 


aultritt, ¢ 
erloigt 


G.N 9, 
A. N v. E. kad. U.S.S.R., 94, 249 (1954). 


= 
Tetrahedron, 1959, Vol. 6, pp. 154-160. Pergamon Press Lid. Printed 
(Received 25 j 
eine Reihe von titanorganischen Ve d e TiCl,OR en, 
R C.H 1C,H yvcloC,.H tert C,H,) 

Testgeste e Ver I ingen wo R das secund. odet ri Radikal ist 
m Gege R kalet cha nstabielen erweisen Wahrend der Aufbe 
ei Z erte e ciner s en, bei O° ¢ ngerer Zersetzung 

nter B HCl, des O H kyle Den festen Riickstand bildet Titan-chioroxyd, 
iS CIN en K P Butyl S Polymerisation darstellt, 
bei den Polyme B ekularen Produkte begleitet. Das erwahnte 
The action of TiCl, col es compounds of the type T(OR)CI, where R 
C.H C.H CH eR ry or tertiar) 
NACH de ervorragenden Entdec} re] n Z er und Natta iiber die Olefine 
Po cken tit Verbindunge r Interesse als eve 
tuciie Z R ) Triall niu und ly 
Die it | \ OT ac i! uny etliche 
Wwirksa ta Systeme |! die Ok e—Polymerisation, die tilanorganische 
Verb alten. 
te Von be dere Interesse war auch eine nihere Bekanntschalt mit den titanor- 
ganischen Verbindunge¢ Standpunkte r Aktivitat der Olefine—Polymerisa- 
tion betrachtet Die Unte cn iene titanorganische Verbindungen 
enthaltend S me ter iss das Syst r(OC.H2") mci, 
ein aktiver K tor der Prop t Entstchung es fllissigen 
Pol Dic Ausbeult i Va mda Molarverhiltnis zZwis¢ hen 
Kompo ten des Kata tark b lusst. (Abb. 1). Dab 
nicl rar keine Po erisation statt 
in diesem Falle als Polymerisationskatalysator eine Verbindur 
: 


Gewinnung und Eigenschaften einiger titanorganischer Verbindungen 


Die Verbindungen TiCl,OC,H,; (Schmp 81-82"), (Schmp 82-83") 
und TiCl,OC,H,”" (Schmp 66-67"), synthetisiert nach dem in der literatur angegebenen 
Verfahren* ohne und mit TiCl,—Zusatz haben praktisch keine Propylen—Polymerisation 


hervorgerufen. 


Yield of the polymer, 


Das durch die Reaktion zwischen TiCl, und Ti(OC,H*"),° ausgeschiedene 
Irichlor—Titanisopropylat polymerisierte intensiv das Propylen bis zum fliissigen 
Polymer 

Laut der Analyse wi ese Verbindung keine absolut reine und enthielt geringere 
Mengen der unschmelzbare in rganische Loésungsmitteln unldslichen 
Beimischung 

Unser Versuch in ‘iparat durc!l ikuum-Sublimatio ‘+r Umkristal- 
lisation zu erhalten lieb erfolg! gen unvel idlicher Produktzerset 

Die etwas geiuderte Methodik fiir die Synthese der TiCl,OR-—Verbindungen aus 


entsprechendem Alkohol und erlaubte, dz hlor—Titaniso- 


propylat als Reinprodukt zu erhalten is frisch praparierte, zusatzfreie TiCl,OC,H*? 
zeichnete sich in der Propylen—Polymerisation durch ungeniigende vitat aus, die 
jedoch bei Verwendung einer geschlossenen Ampulle bedeutend 

Es wurde konstatiert, dass TiCl,OC,H*>’ im Gegensatz zu den Verbindungen mit 
primdren Radikalen keine stabiele Verbindung ist; Bei Aufbewahren fallt unter 
Ausscheidung gasfOrmiger Produkte und Bildung einer unschmelzbare 

Um den Mechanismus dieses Prozesses zu fassen, wurde das friscl 
reine Produkt bei 45-50" im Laufe von 15-20 Std zersetzt und die Zersetzungsprodukte 
quantitativer sowie qualitativer Analyse unterworfen. Identifiziert waren folgende 
Verbindungen: Chlorwasserstofl, isoPropylchlorid, Titanchloroxyd und das an der 


Produktoberfliche gut absorbierte Propylen—Polymer Das Polymerauscheiden 


erfolgte durch Zersetzung des Titanchloroxydes mit Wasse1 


Das ihnliche Verfahren wurde auch fiir die Herstellung sonstiger titanorganischer 


‘A.N Nesmeyanov R. H. Freidlina und O. W. Nog i d is U.S.S.R. (Abt. Chen 
(1952) 
D. Brac \ uncock und W. Wardlaw, J. Chem. S 
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Verbindungen benutzt und zwar: Derivaten der secund Alkohole-TiCl,OC,H¢”, 
MnCl.C,.H die Literatur verfiigt hier noch iiber keine Angaben, Diese Verbin- 
dungen waren noch weniger bestindig als TiCl,OC,H>° und neigten zu rasheret 
Zersetzung bei der Auf bewahrung, 

Es ist gezeigt, dass Zerfall der Produkte, durchgefiihrt in anhlichen Bedingungen 
mit auschliessender Destillation der fliissigen Abscheidungsprodukte, denselben 
Reaktionsmechanismus besitzt. Bei TiCl,OC,H3—Zersetzung gewinnt man: HC! 
sec-C,H,Cl, Titanchlorxyd, Butylen—Polymer. In dem Falle mit 
dementsprechend: HCl. cyclo-C,H,,Cl, Titanchloroxyd und Spuren des cyclo- 
Hexankondensation—produktes 

Die Zersetzungsbilanz fiir alle oben erwahnten titanorganischen Verbindungen ist 
lle | niedergelegt. Der etwas zu niedrige Chlor—Gcehalt in Titanchloroxyd 


in der Tabe l 
ri OTiCl,—Zerfall lassen 


und unvollkommenes Gleichgewicht in Cl und 


loroxvd—Zersetz (liren. die beim Entfernen fliissiger 


sich durch partielle litancl 
Produkte unter Vakuu! attfan las dabei abgetrennte TiCl, wurde mit cyclo- 
Hexvichlor im Wasser nach dem 
A bwaschel! nm ntsprach nind ilanz fehlenden Mengen 


Partielle Zersetzun eser Verbindungen wurde \ 


TABELLI LANZ BI ZERSI 


H; 


Synthese derselben begleite i geringerer Titanchloroxyd 
Mengen. Beim Versuch, TiCl,OC, ‘i h zu synthesieren, erfolgte unverziigliche 
Zersetzung des Stoffes zusammen mit seiner Bildung. In Ergebnis war nur Titan- 
chloroxyd ausgeschieden mit isoButylen—Polymer, adsorbiert auf seiner Oberfliche. 
Nach dem Abtreiben des festen Produktes waren in der Lésung tert Butylchlorid und 


zusitzliche Menge vom isoButylen—Polymer 


4 
On elcichzeitiger. 
— 
VON TiCl,OR » R—C,H C.H ) 
‘So 
hare) 
Substat lyme 
litanclorox He R¢ 
produkt 
1 29 $4 78 67 00 6.2? 6.14 1 40 175 
22,13 14.9 67,69 0.9 14,24 0.8] 3.66 
24.55 16.2 66.30 7.14 19 35 14 1 GS 
2. 14,10 68 68 65 0 24 1s 13.35 14 10.44 
15.20 65 44 1.83 25,20 1,39 9,15 
3. 11,82 $1.32 0.84 710 $17 0.2? 1.8 
23,60 0.00 42.45 0.64 271 11.24 17.66 0.13 0.5¢ 
24,13 12.45 Si 1.70 705 9 40 18 80 0.20 0.83 ; 
l. TrClOC 2. TiCl],OC, 
§ 
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litanchloroxyd,* erhalten durch Zersetzung der Verbindungen wie TiCl,OR 
wo R—das secund oder tert Radikal, liess sich als wirksamer Katalysatorder Propylen— 
Polymerisation erklaren. Die dabei erzielten Ergebnisse sind in der Tabelle II 
angefuhrt 
Die Polymerisation mit genannten Titanverbindungen als Katalysatoren verlief 
unter ziemlich milderen Bedingungen: Temp. 90—100°, Reaktionsdauer 3-4 Std. 


TABFLLE 2. PROPYLEN-POLYMERISATION MIT KATALYSATOREN TiCl,OR (wo OR—per REST EINES 
sek und ODER tert. ALKOHOLS IST) UND IHREN ZERSETZUNGSPRODUKTEN POLYMERISATIONSBEDINGUNGEN: 
90—100 DAvuER 3-4 


Polymer-Ausbeute 
Auf bewahrungszeit 


Tagen 


, 


, 


to 


WN 


tv 


, 
4 


— 
(No.) Katalysator 
frisch prapat 0,30 47 2.34 95.0 
2 ricl,OC.H frisch prapar 0. 7] 2.33 86.0 
riCl,OC,H frisch prapat 0, 0,35 13,5 
frisch prapar 0. 66 0.72 27.0 
ricl,.OC.H 2 |_| 1.54 69.5 
ricl,OC,H ok 30 1.93 84.0 
§ riCl,OC,H 0 2.26 94,0 4 
riCl,OC,H 6 0 18 2,39 96,4 
10 Fitanc xyd 0.2 Z,21 2,21 96,7 
litar ) 0.25 2.08 | 94 3 
12 frisch prapa 0.3] 28 1 66 57.8 
13 frisch prar (). 28 90 0.69 238 
i4 | } | Z Zs 2.46 | 
15 0,27 2.65 2.52 16.2 
Titanchloroy 0.25 2.14 176 874 
17 lit 0% > 70 
frisch prapat 0,27 2,91 1,14 39.2 
19 ricl,OC,H friscl ip 0,30 2.14 1,13 62,2 
70 LH | 0.26 2.54 1.05 41.4 
2! riCl,OC.H 2 0,2 2,62 | 06 40,5 
22 Titanc 0,27 2,53 2,03 80,2 
23 Titar 0,25 2,20 1.88 85.5 
: 24 Titar yroxvd 0.25 35 6.1 
rit orox\ §§ ? 48 
R B 
‘ ing TiIC],OC.H 
ese TiC],.OC.H j 
rch Zersetzung 
e1 Sy e TiCl|.OC,H”™ 
S ese Tif OC,H 
‘ ausgeschieden bei Synthese TiC],OC,H‘'* 
ore a : * Titanchloroxyd rhalten durch partielle Hydrolyse mit Wasser vo Tit , er 5 ch als wenig : 
ktiv fiir die Propy Polymerisatio 
: 
= 
3 
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Das dabei gewonnene Polypropylen war eine farblose, olartige Fliissigkeit, aus 


dem Gemisch ungesiittigter Kohlenwasserstoffe bestehend. Die Ergebnisse vom 
Abdestillieren und von der Analyse je nach Fraktion sind in der Tabelle III angefiihrt 

Diese Katalysatoren bedingen auch intensive Polymerisation des isoButylens und 
Styrols, die bei niedrigeren Temperaturen unter Entwicklung fliissiger und halbfester 


Polymere erfalgt Die anderen von den untersuchten Monomere Vinylchlorid, 


TABELI DER *ROPYLEN-F RAK TIONEN 


Alkyvichlond 


hat sich 


= 
abe 
Siedepunk 
C/mm Hg g Bi 
Br 
100 
100 
Prod 
37.49/760 13,05 1.3758 86.0 19.4 0 
2 67-85/760 6.32 1. 3978 0.7003 107.0 
%-127/760 12.40 8.24 1.4104 0.7432 121.1 115.3 16,5 
4 128-136/760 15,3 10,20 1.4195 0,765! 130,5 127.0 62,2 
137-145/760 2.22 1.4220 0.7903 133.4 1254 64.8 
40.50 26.90 1 4450 0.7949 175.0 62.0 
41.90/10 13.50 1 4550 O.8110 191.‘ 90.3 
110-150/13 25 60 i700 | 470% 0.850! 290.3 60.8 143 
at y Ruckstand 10.50 649 1.4770 0.9219 17.0 10.5 
10 Ge 150.62 100 
Ve 
Metylimetakrylat, Butylmetakrylat und Nitrylakrylsiuere erwiesen keine Tendenz 
4 
zur Polymerisatio 
oe An Hand der Produkte, erhalten bei der Zersetzung der Verbindungen TiCl,OR 
wo gas oder Rad Ad t. dar! anger werdc dass primaren 
Prozc nd 
> CH HC] (1) 
H > C.H (2) 
Im Fa sollen als s ind Reaktioner crs 
CH —-C_H Cl (3) 
mC,H,, —>(C_H,,) (4) 
Im Fa die Zersetzungsreaktion fiir das entstchendc AI 
C.H....Ci -C.H HC! (5) 
mit auscl sender Olefine—Polymerisation nach (4) 
Fir die genauere Bestimmung des Zerfallmechanismus den Reaktionen 
Olefine-Hydrochlorieren und Alkylchloride—-Dehydrochloriere urde dic Aktivitit 
des be: der Zersetzul entstandenen Titanchloroxydes untersucht. Es 
*G.D.Ga \ Aka rW UrSSR. B. 5, 1954 141 
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herausgestellt, dass Titanchloroxyd cin wirksamer Katalysator im Olefine-Hydrochlo- 
rieren ist. Beim Durchlassen von Propylen, isoButylen, cycloHexen. gemischt mit 
Chlorwasserstoff bei der Temperatur 60-65" durch die Katalysator—Schicht wurden 


entsprehende Alkylchloride mit guter Ausbeute gewonnen. 
Es trat keine Zersetzung der Alkylchloride in Olefin und Chlorwasserstoff mit dem 
genannten Katalysator ein. Es wird also angenommen, dass die Zersetzung der 


riCl,OR-Verbindungen, wo R—ein Rest des secund oder tert Alkohols ist, nach 
Gleichung (1) mit nachfolgenden, parallel ablaufenden Reaktionen (3), (4) verlauft. 
Die Ausbeute an Polymer und Alkylchlorid ist dabei von der Natur des zu erhaltenden 
Olefin abhinging (siche Tabelle 1) 

Das beschriebene Titanchloroxyd wirkt auch in Anwesenheit vom Al(C,H;), als 
aktiver Katalysator der Propylen—Polymerisation unter Entwircklung einer hoch- 


molekularen Polymerverbindungen und zwar des Polypropylens, 


EXPERIMENTALER TEI! 
Riickkuhler 
urde 
d 1 Std die 
Petrolather 
irde das 
t bei 
ler 


inter 
49.9: 


n, mut 
vecks 


2) 
und Tropftrichter; die letzten 
Mol) Tic n 150 
Lésur n 15g (0,25 Mol) d 
oo. Reakt misch b ic 
ra n Pets M iS det riltrat abgetrennt Aus der restlichen LOsung fiele : 
4 Fiskil ellgelbe K lablettenf 
riCl,OC,H;" A e 70-75 Schmp (Ber. fir TICI,OC,H ri, 22,45; Cl, 3 
i ee OC.H 27, ¢ Gef. Ti. 22,5: ¢ 19.8: OC.H ? 
ricloc,H nd TiCl,OC,H H M e erl 
Aus! nm. er P ithe cl Vak ( 25-30 irde 
Herat P f 
e Ausbeut 2 S B Ti, 
2 710 ( OCH ( f OC WH 1 
e Tal \ | 43 Re f | ig. 19 
le! S De Cet dss 
t: K 1A k U-R keit 
Cat LU-R f \ \ de 
15-20 Wass 1550 \ heidens 
P kt Falle Ti Cl,OC,H ricl.OC.H en 
Dic Zersetzung ne HCl-Menge G U-R mit 
NaOH 
D K em fra ert, die 
Frakt der At Zur A ch | Verbin- 
dung d Titan ed rene mit 
1. Cre ( ‘ rio 
+. Alk ppen—G t C.H-O C,H,O) durch Oxydation b wif Keten mit 
1 M-l KCr,O H.SO, M 
Bei der Zersetzung TiCl,OC,H{” wurden f Verbindungen ident t: HC Propyl 
Chiorid Sdp 34,5-35 1.3810 1,381 ( Be f CHA ( 45.2: 
: i Ber!-Lunge, Chemisc technische untersuchungsmethoden, B. 3, T. 2, 1941, s. 253. russ. Auflag 
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Propylen 


H, 14.3 


2 
Gef: Cl, 44,9%, und Titanchloroxyd, Ti, Cl, 46,5-47 C,H,0, 3-5°,; 
Polymer, 4-7 Angalx Gef: C, 85,61; H, 13,80°, Ber. fir » C,H,: C, 85,7; 
1.4562: M. 208: B ZahP, 114 
Liter. Sdp 68 Ber. | C HA ( 4: Gef: ul JVitanchloroxyd 
Ti, 27-29 42.45 ec C,H,O 6°.). Butylen-P 13 1.4690: M, 269 
Bri (Ber. fir a C,H ( H. 14.30: Gef: C, 85.8: H, 13.73%). I nc) OC.H 
wurden « ech en: Ht Hey 0-14 1.4558: Lit. Sdp 142 
H \ int M249 B Re 
fir C,H C, 86.80: H, 12.20: G Cc. 8 +: H, 12,04 He e TIC,OC,H 
mit { or ri, 25,90: Cl, 4 P 10 
H 4.10 \ C HCI S ».§2 B72: Lite Sdp 
Im } er P AWC H rion wurde das 
Poly Luft bei 60° oe cknet. Dic 
: H chine n (Propvier Butvien) und 
tu Das | Die Empfangert 
Cie bic ‘ K nf Rest ibdest ‘ 
7 Das H H S Kat t Suspension 
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1t the meetine of the Honorary Editorial Advisory Board in Paris, July 1957, it was decided that 


the Journal should publish occasionally a résumé of the Life and Work of deceased eminent Organic 


N. NAZAROV_ 1906-1957 


INTRODUCTION* 


I. N. Nazarov was born of peasant stock in the village of Koshelevo in the heart of the country of 

the middle \ 4 egiotr He received his early education at a village school in whic! he subsequently 

bec c teachel t ‘ ve of 17 He was one of the workers and peasants for whom the Soviet 
c c reNC f the Universitic nd in 1927 he became a student of the Moscow 


inspired 


began 


le f Science ferred t scow, and e Nazarov worked in t newly founded 
1940 


1949 


cicc ltot Moscow Institute of Fine Chemical Tech- 


as he 


1g member of 


ul Ac 1s USSR I nem De the Ac lemy of Sciet in 1953 He was 
Academy ol 


WORK 
Nazar« 


NTIFIC 


SCII 


study of the action of 


f metal ketvyls of the aliphatic—aromatic series increases with 


th bstituent in the s s (CH,, C,H,, n-C,H-) < (CH,),CH (CH,),CH, 


ns of dissociation and isomerisation of ole- 


| 


\ mportant stage Na ) s tific work was connected with the study of the derivatives 


of viny cetyiene The pic ethod wi he devised for the condensation of vinylacetylene 


ide accessible various vinyletl 


inylcarbinols, 


R 


H 
RR'CO > CH, = CHC =C—C—OH 


CH 


CH 


R 


The principal results of these studies are given in Fig. 1 
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* Condensed from the original by L. D 


q 
Agricultural Acade named after Timiryazev. was one the main seats of chemistry a 
ciated th the names Kablukov, Pryanishnikov, Williams and Demyanov which 
pei! ig Al luating from ti Academy he decided to devote himself to Organic Chemistry and Hi i 
his g stuck er A. E. I ky, at Leningrad | ersity, who suggested to Nazarov 
that the ability of | nt. In 1934 the 
f 
ee In this laboratory late named the Laboratory of Fine Organic Chemicals Nazarov worked ntil 
Fe cre be et fi ¢ i systematic and logical fashion and 
= 
Nat ilists (Leopoldina) | rialie, and a co responding member the Berlin Academy of Sciences. 
H y 1957 in I nce fter the Sixteenth Congress of Pure and Applied 
(Chemistry in P ‘ il c e read tour pape He is survived by his wife and three daughters 
In his first papers p ed in Favorsky’s i OD made 2 
sod or tic omatic ket 
est 
branching 
( ely related to thes lies were the investigations 
fines of e, published by N \_ 
with ketones in the presence of potassium hydroxide es | 
the properties of which were subjected to a comprehensive study. 
5 
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assignments for the front a 


atory were engaged in urgent 
renewed energy after the war 


OH 


adnesives 


interest, both the lly and 
amines with divinylketones 


Of 


amm and 


mia 


ar when Nazarov and his 
were resumed with 


istry 


These investigations, which were stopped by the Second World Wa 
ind ind 


yisomerisation 


OCH, CHCH 
CN 


il neridones obtained by reaction of 


were 


re the py 
The esters of 4-phenyl-piperid-4-ol, synthesised from 


R R ==CHCH=CH, 
C=C-C—On 
> 
Cr 
CH he 
— wy” CHC=C {OCH.CH HOH 
x 
HOCH.CH=CHCH CH HC x HC 
I 1. React 
OF en nterect ne the t nef nat nviet s the some on 
\ tne ere | \ VIKE es icd toa ole range 
of pn e 
CH=CC =CCH=CH MEN, CH=CHC 
RNH 
as 
1°) N 
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C,H. COCH CH” 
A . 


C,H, COCH=C 
ROCH2CH, COCH=C 
A ROCH,CH,COCH.C 


OR 


_» R2=NCH,CH, COCH=C 
CH,=CHCOCH 


diviny!- ketones 


cl 
4 
CH,=CHCOCH;C 


4 
CNCH, CH,COCH=C 


phen 
of morphine 
Nazarov made a study of the cyclisation of many 


isomerisation of the latter 


163 
N 
%, 
4 COCH=C 
a Tene 
Y Nden.- 
Sotio, ; 
hy, 
oh) 
it 
SH 
2. T ) vinylketones 
piperidones, possessed analgesic action. One of the the hydrocl de of 1:2:5-trimethyl-4- 
phenyl-piperid-4 propionate (1), | 1 number of intages over ! | ea videly used in 
clinics of the Soviet Union under the name of “promedo 
rt 
: The most active of all presently known analgesics is the ydrochloride of 1:2:3-trimethyl-4- . 
“ ~arov. It possesses an act forty times that 
Be divinylketones into cyclopentenones and the 
H* 
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The substituted cyc/opentenones entered relatively easily into diene condensation, and this fact 
served as an impetus to two new independent lines of investigation 
Firstly, certain regularities in diene synthesis and the influence of temperature and other conditions 


on the reaction, were systematically s ied la eh itio of the isomers formed in a single 


reaction muxture was shown to be dependent on t i ( e diene and dienop! ile Secondly, 
the polycyclic compounds obtained by means of diene condensation and other reactions were used 


for the synthesis of substances related to steroids 


foregoing dienes with 


steroids 


These tetracyclic ketones were selectivel educed at ¢ n par ular. A/B-trans-triketone (111) 
was converted into the D-homosteroids (IV) and (V), which pro In the case 
of the triol (V), the interesting fact was discovered introduction of a hydroxy! group into 


position 15 increased the androgen ; vity of the molecule 


New non-steroid estrogens were also obtained and a study was made of the ways of introducing 


the dioxyacetone and glycerol side chains of corticosteroids into the polycyclic molecule. 


je 
Gerry ar atiar 
y 
> 
> 
C 
7 
H 
A detailed study of the condensation ol 1-vinvl-A'-octalones and | vi-€ yvare 
naphtaiene vil unsatu cyclic Ketones ywwed e ic 
th tect For this con th yndensation of the 
: structural isomers of steroids with verte é ¢ e con 
EE benzo-quinone was used to give tetracyclic compounds related to D 
H 
be H 
HO HC 
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Another part of Nazarov’s work was connected with the study of the stereochemistry of certain 


organic reactions. He investigated the stereochemistry of hydrogenation, oxidation and lactoni- 


zation of substituted tetrahyd ophthalic and octalin-carbonic acids, and the stereochemistry of 


\ study of the stereochemistry of diene condensations with vinylcyc/lo- 


bromination of acetylenes 


hexene and 1(x-acetoxyvinyl)-cyclohexene made possible a stereo-selective synthesis of bicyclic 


systems 
During the latter years of his life Nazarov was engaged in intensive work on the synthesis of 


1 on Nazarov’s earlier investigations on the anionotropic 


isoprenoids The sc tud C were base 
rearrangement of ondary and tertiary polyene alcohols to primary alcohols, and on the method 


he discovered « idensation of ca n inds with acetylene under pressure His 
nthesis (suitable for industrial production) of the 


rolidol, farnesol, geranyllinalool, and phytol. A 


| hie 


work in the eld 
isoprenoid alcoho 


enoid chain. It was based on the condensation of 


new method was develope 


acetals with l-alkoxyisop 


CH, 
nCcC.H.OCH—CHC—CH 
OC,H, CH 


CHCH,C—CH CH(OC,H,) 


CHO 
over 400 scientifi ipers. A number 
re. Much of what he had begun 


lition, for | azarov died at the 


D. BERGELSON 


| 
| 
| 
— of extending the (sopra 
Lue 
RRC CH CH CHC CH 
| retner pupils nd co—worke N 
a was unfir and m of s plans were not brought to fri 
height of his creative work 
we | 
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Jean Maruieu and ) LA Cahiers de Synthese Organique. Methodes et Tableaux 
72> 


d’ Application. \ z. Masson et ¢ Paris, 1957. 23 322 pp 
& 


THES! 


types ‘ 


Unit Processes in Organic Synthesis (Sth Ed 


ae 
— 
ae HEE: books are the first of Se] f ten to twelve volum the object of which is to describe all ae 
ire 
index is cur itive ere es 
the pre Mary — 
the xt Of ynthetic 
: 
ca 
MARION 
| Chief P. H. G McGraw-H 
New York pp. £¢ fe 
face 
rew take epresent a 
Cross-sex f pre A 
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New introductory chapters have been added dealing with the thermodynamics of unit processes 
and process kinetics and thro ighout the book much emphasis is rightly placed on the thermodynamics 
and the kinetics of each process and their influence on the general design of plant, all of which the 

will find most valuable 
the synthesis of aliphatic hydrocarbons and oxygenated compounds by 
rocesses gives in addition to a study of the scientific and economic 
ite account of mod levelopments including a description of the 
nited States. In view of 
vith this field of organic 
ctly concerned in this 
the mechanism 
processes 
ties of thei 
nportance 
; and the result 
locumented 
eteness of the 


ts production, 


HAROLD HARTLEY 


Synthetic Methods of Organic Chemistry, Vol. |! irgel sel/New York, 


46 pp.. SI ) 


speed 


BARTON 


Bs 
4 
lie 
ilthon this escrib p. S2¢ 
4 
c4 
58. XVI + 546 pp., 
vit t en If e conside i sp sed | che try such as 
O Che t t etl t c C few inte ts capable of remembe r all the 
Fort rop n of ut n Or c Chemist epresents 4 
4 ‘ ada it if CSE nm h Ket cted in s ew y f m the 
aoc if tner et ACCT st I terature 
There ef evic pe ese ec n nature 
I {FR f oO vhic is now reached e twelfth 
e, serve k et | nt ling as ey of new ethods of real 
fk ethods applied 
to ne t I er } 1 of fact I t oca Arm n Chen il Abstracts : 
14 ne The nde evie ke its pre- 
eck nas I there ny s-reierences to n ti series 
The t se of . estion ol e of terial and 
ns ‘ dD pre n tne il Per ips it 
wi e bett reac be im n ire ymnitted by (and to) a panel of 
exp s drawn { the e of Ore This eT ng that nothing 
we cca petition of erron formula ch are taken from the literature 
_ De le even bette The latest volume, like its predecessors, st remains a most useful work of 
’ eference 
D. H. R. 
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RECENT DEVELOPMENTS IN THE CHEMISTRY 
OF FLAVONOIDS 


R. SESHADR 


imin P 


tin have 

intities 

onoids 

OCCU! a new 
indust 


flave n 
flavour 


that quercetin en! 


Flavonoids as antioxidants 


Another directior 
antioxidants. Thoug 
(1) 

Hei 


gossypetin 


Griffit! 


‘wet Tetrahedron, 1959, Vol. 6, pp. 169 200. Pergamcr ee 
Department of Chemistry, University of De De 
k 10 October 1958) 4 
IN recent years, there has been considerable development in the study of vital 
a In food industries such as those of fruit products and beverages, the presence of 
ag geet various Changes they undergo are of importa n regard to taste, 
 : stability and physiological properties. It has been reported by El-Rafey 
ances the nutritive value of butter 
a in which interest has been created the use of flavonoids as 
+ i reports were mad I ret in twenty i igo, that quercetin 
i 
idant for fats, only recent t subject received attention 
P ested that t unsaturated ketonic structure of t pyrone 
in the side phen oxida ic querce i hese 
structural requirements are s ilar to those needed for tamin P properties as 
recorded earlier 
More recent! the tioxidant propert of number fl nes and 
' flavonols using met! linoleate ha n studied. About t et e a compre- 
hensive study of t int dant p pel \ cCarriea out” ¢ ) natural tats 
There general agres it between o1 ts and those of ot workers 
Flavonols are iperior to 1 other groups of flavonoids and ortho and 
: ara dihydroxy groupins enhanc tne ant xidant ac ity n certain cases the 
s-dihydroxy system very favourabl Among the large number of compounds 
c\aminc (11) and ybinetin (111) are compounds of great potency They 
; are better than quercetin though the latter has the advantage of large availability 
J. Q. SEM, Jr., C. F. Krewson and J. Naghski, Rutin and re Che ry, Phar ey 
G. J. Mar ind A. Sz G Vv. Y.A 100 (195¢ 
M. S. El-Rafey. j Bull. 465, 33 44 
*W. Heimann, A. He M. Gremr ger iH. d, Fette u. §5, 394 (1953) 
W. G. ¢ irk and T Ther. 95, 362 (1949 
5 : * T. H. Simpson and N. Uri, Chem. & Ind. 95 1956) 
‘eo ’ ; C. H. Lea and P. A. T. Swoboda, Chem. & Ind. 1426 (1956) 
7a", A. C. Mehta and T. R. Seshadri, J. Sci. Industr. Res. India in press (1959 
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from a number of plant sources As the result of studies on nuclear oxidation, the 


conversion of quercetin into gossypetin® is easy and good yields are obtained; hence 


large scale preparation of gossypetin may not offer any difficulty. Robinetin, though 
not occurring widely in the plant kingdom, can be synthesised by the well known 
Allan—-Robinson condensation. The flavonols should further be considered because 


of their vitamin P properties 


From the above resul antioxidant properties, the occurrence ot 
flavonoids in the heartwox ant as considerable significance in connection 
with their stability to ati he toxic properties of these compounds 
towards fish have al y been discu ® and they seem to be able to conter resistance 
to attack 

compared with 
h better than 
eady oxidation 
vonols (LV) to 
anauon The 


n centre 


differen 


ave been 


20. 


3 
H OH 
4 
I, R 
carbo! ton n the ?-nosition will be capable ol developing the free electre 
1, rad Cat ol and quin¢ te! n the benzene rings may 
_ I force t ibove centre and may also pk ndey dent parts as antioxidant grouy 
> 
= 
Bi nesis of flavono 
A | his is Deen Dect Ol it interest and Ln n contributions to our KNOW 
re ledge were ide ¢ er by Robinson™ who considered the fave 1(C,.) skeleton 
wa (V1) to be composed of two p C, and C, (VIL & VIII) 
ek” Attempts have recently been made to gain information on the orig n of thc: 
Bs parts by employing the tracer technique. The compounds whose syntheses nh 
a /K. V. Rao and T. R. S Proc. Indian Acad. Sci. A 25, 4 4 
aa4 l. R. Seshadri, Ann. Rev. B Bm 490 (195 
R. Robinson, Nature, 137, 172 (1936) : 
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studied are quercetin and cyanidin. Underhill et a/.," followed by others,'*:™ have 
reported their observations on the biosynthesis of quercetin using buckwheat 
(Fagopyrum tataricus) which produces rutin (quercetin-3-rhamnoglucoside). A 
number of isotopically labelled (C') compounds were supplied and the quercetin 
produced by the plant was decomposed by standard methods. The general indications 
are that the C, and C, units have different origins. The latter seem to be produced 
from acetate units whereas the former seem to arise either from shikimic acid, 
phenylalanine or cinnamic acid derivatives. The biosynthesis of cyanidin in red 
cabbage has also been studied”-"* and the results support the origin of phloroglucinol 
Irom acetate units. 


units, the 


eton Mor 


and the possibili 


ilkones (LX) 1 the lated flavanones (X) 


invariably ( r’’ so long as a phioroglucu nit with free hydroxy] 
} 


not present. The flavanone be e only stable entity | S-hydroxy] 


present in it and this has bee ted t ence of chelation between this 


hydroxyl and the neighbouring ket rou A study of the co-occurrence of various 


OF tla onoids has l 


eveaied 


The data led to the conclusion 
that a flavanone (X) can undergo | ‘ylation in the 3-position to give rise to a 
3-hydroxyflavanone (XI). This reaction has been carried out in a number of ways; 


the most satisfactory and significant is Fenton’s method of oxidation.'® The hydroxy] 


F. Weyganc ruckers risebach a chulze, Z 
H. Grisebach turf (1957) 335 (1958) 
T. R. Seshadr hlin Soc. 27, 7 156) 
r. R. Seshadri, Les Hetero ‘ ve s p. 71. Colloques Internationaux du Centre National la 
Recherche Scient (1955) 

1* VV. B. Mahesh and T. R. Seshadri oc. 2503 (1955) 


turf. B 12, 222 


Lue 
CH 
CH g 
H 
HOW 
ane 
- x 
Whatever may be the origin of the C, and C, HHIMMse seem to be definitely 
InvotIved Il LFUCLUTO OF LI SAC ation das een 
ilable nt] relationshin be groins of flay 
ava ein recent years on the int elationsni etween Various groups OF flavonoids 
1 > 
be chi These occur 
p Ss 1S 
1s 
4 12 EF. W. Underhill. J. E. Watkins and A. C. Neish, Canad. J. Biochem. Physiol. 35, 219, 229 (1957) 
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thus introduced seems to be in the correct conformation for the elimination of water 


(i.e. cis hydrogens) to give a flavone (XII). This conformation is, however, unstable 


and can undergo change into the more stable trans-form which is common in Nature. 
The stable type undergoes facile dehydrogenation to give rise to flavonols (LV) 
Thus 3-hydroxyflavanones would appear to hold a key position in the biogenesis 


of flavonoids. Further. they can be reduced conveniently to vield /eucoanthocyanidins 


(XII1).2°.2! which are widely distributed, and also form the catechins (XI ).= 


3-Phenvi- and 4-phenyichroman derivatives 
considered to be derived from normal 


isoFlavones were originally few and 
flavonoids by a process phenyl group.*.** A number of 
them have later been d the same skeleton in pterocarpin 
and homo-pterocarpin \ more recent discovery is that 
of wedelolactone® which 1s lcoumarin derivative, closely related to the 
compounds mentioned above 1as. therefore, been suggested*® that the C, forked 


unit (XV) 


directly 1n\ 


hese compounds should be considered as being 


3-phenylchroman derivatives (XVI) 


system, namely 
hat they were 

leton could be 

that 


normal 


& VILL) 
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for example, resorcinol reacts with cinnamic acid to yield 7-hydroxy-4-phenyldihydro- 
coumarin.* 


Since the 4-phenylcoumarins can undergo ready oxidation to benzophenones 


(XVII), they are probably intermediates in the formation of the latter. A more 
satisfactory scheme for the evolution of brazilin (XIX) and haematoxylin (XX) mav. 
therefore, be the incorporation of a single carbon atom into the 4-phenylchroman 


structure (X XI).*9.* 


lium salts Further ese 4-phenyle« 
to undergo oxidation with mercuric oxide 


sponding coumarilic acids (XXIII) 


Nuclear oxidation and reduction 
Earlier studies of the occurrence of a large number of flavonoid 
association in plant sources has conclusively established the incidence of nuclear 


35 
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oxidation (hydroxylation) in the development of more complex compounds from 


simpler ones But no experimental proof was provided about the feasibility of this 


process and particularly about the reactivity 
Manvy earlier experiments were not successful, but by adopting mild 


of the molecules in support of this 


biosynthesis 
methods and special conditions, Seshadri and co-workers have successfully carried 


out the nuclear oxidation of a large number of flavonoids. A very important example 
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red phosphorus convert asperthecin® into frangula-emodin anthranol, and toco- 
pherols*’ lose one nuclear hydroxyl by this treatment. Examples have been recorded 
among simpler benzene derivatives also. Reduction of | :2:3:5-tetrahydroxybenzene, 
its monomethyl ether (iretol) and hexahydroxybenzene with sodium amalgam yields 


phloroglucinol, and hydroxyquinol gives dihydroresorcinol.** 


A number of types of compounds have been employed and various reducing 
agents such as stannous chloride, sodium dithionite, zinc and acetic acid, hydriodic 
acid and red phosphorus, and sodium amalgam have been used for the direct removal 
of a hydroxyl group usually from a quinol or a catechol system. A different method, 
used by Kenner and Murray,*® involves catalytic reduction (hydrogenolysis) of a 
tosyl ester using Raney nickel and has been found subsequently to be capable of 
wide application. Conversion of salicylic acid into benzoic acid,** phloroglucinol 
carboxylic acid into y-resorcylic acid® and orsellinic acid into 6-methylsalicylic acid! 
are typical examples 

The reduction « hrysin to 5-hydroxyflavone and of 3-O-methylgalangin into 
§-hydroxy-3-metl vflavone was carried out almost simultaneously by Ramanathan 
and Venkataraman ind Jain and Seshadri.” This involves the removal of the 


7-hydroxyl group. N ‘ar reduction in the 5-positior ing ri to 7-hydroxy 


compounds has be i* using as examples, chrysin, apigenin, galangin and 


quercetin. The hydr 

quercetin det ca npferol and a 

galangin ‘omplete removal of hydroxyl groups from the condensed benzene ring as 
well as ide phenyl nucleus is possible if it is a flavonol derivative, e.g. 3-methoxy- 


ivone can be obta | 7-hydroxy-3-1 hoxyflavone: but 1 re is no 


ic sada a substituent in the pyrone ring, further reduction takes place aflecting this ring also. 
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thone) from the naturally occur pound nt n(i:3 xanthone), 
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eardenin (XXVIII). a compound which is otherwise difficult to build up, has already 


been reviewed.” 


time Their 
Rotenone (XXX1) 
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ranetin (3° 8-4’ nent thoxvflavone) (X XIX) 
nd 5-hydrox 1 ther b nificanc biogenesis 
the ab yn and hydrogenatior e to auranetin 
thy rdinar n of flavonoid cert shicat aris owing 
te ‘ ‘ted tow d d ntur’s Based ‘ 
i ed C-met considered by Bak d 
: Robins to be ¢ | been studied in det and the 
| CO cK ad ed y a 
for nine | he ec in 
In 1 hetitution involvins 
rR.S 
rie 
4 


Recent developments in the chemistry of flavonoids 177 
itself has a reduced furan ring with an isopropenyl substituent in the «-position. 
Occurring along with it are other rotenoids which have an unsubstituted furan ring, 
e.g. elliptone (XXXIL)™ from Derris elliptica. In these compounds the fusion of the 
furan ring to the main skeleton is of the angular type. The alternative fusion of the 
linear type is also possible as indicated by the isolation of pachyrrhizon® (XXXILII) 
from Pachyrrhizus erosus. Harper® has recorded that simpler furano-isoflavones, in 
which the oxide ring B was absent, also occurred with rotenoids. Robinson*’ 
compared rotenone with berberine, brazilin and haematoxylin and made the suggestion 
that its structure could be derived from the branch chain ¢ P| ( soflavone skeleton 


by the addition of one carbon bridg¢ 


ot U 
} 


(XXXIV 


- 
— 
vere d yvered. Karanjin was | to be 1 ited died 
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Pongapin (XXXVIII) is another rtant membe his group and it occurs 
along 1 karanjin (XXXIV) in the Australian plan gamia pinnata.™ Present in 
nmatin (XX XIX) and pinnatin (XL) which are linear furano 


with karanjin and pongapin 


Sid lane olata 


one (XXXVI) 
sia species 


In a related 


other parts have been 

yned the recent isolation of the 
ferreirin (XLII) and 

The oxyeen 
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d uced 
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Based on the above-mentioned considerations, simplified methods of synthesis 
have been developed for building up the 5 ring system of rotenoids. Starting with 
an isoflavone, the intermediate stage would be a 4 ring system, either a furanoiso- 
flavone (XLIV)*® or a chromenochromone (XLV)**:*® to which the fifth ring could 
be finally added. A simpler compound having the 5 ring system (XI VI) has been 


svnthesised®! by the second procedure 


nethods 
for the construction of a furan ring on he flavonoid structu satisfactory 
method for this purpose is been recently developed” it is based on con- 
siderations of biosynthesis.° 
extra skeletal structures present in a variety of naturally « g inces had led 
to the conclusion that the C. isopentene unit is fundamental and can undergo various 
modifications. One of these is the capacity to undergo oxidation through the epoxide 


(XLVIL) and glycol (XLVIIIL) stages, lead in o-hvdroxyphenylacetaldehyde 


system (XLIX):; this undergoes re: cyclodehydration to form an unsubstituted 


furan (L). For laboratory syntheses, st aldehydes are conveniently obtained by 


ozonolysis or similar treatment of the simpler ally! unt A study of typical examples 


(karanjin,* pongapin,** angelicin,™ psoralene,™ \ isnagin®* and kellin®*) has established 


the full value of this method of approach; good vields of the furano compounds are 


obtained by the minimum number of steps 
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3-Hydroxyflavanones 


As one of the important lines of recent advances should be mentioned 3-hydroxy- 
flavanones (XI).% More than a dozen these compounds are now known and 
their constitution established he main sources are heartwoods and barks of trees 
Their isolation and purification are based on their appreciable solubility in wate 
and in ether®’:** and al n tl aci rm somewhat sparingly soluble 
salts.°* They c: in lehyd ‘ dehydrogenation giving rise to 
flavones and flavonols 1 ivel hey nstable particularly in the presence 


of alkali and unde isomeric change into the related 2-hydroxy-2-benzylcoumaran- 


3-ones (LI).*° rther change is also possible (involving benzil-benzilic acid change) 


giving rise the anhvdro-lactones (3-benzalcoumaran-2-ones, LII).*!-” 


ne production 
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The stereochemistry” of 3-hydroxyflavanones involves the configuration of the 
carbon atoms 2 and 3. As a consequence, four optically active and two racemic 
forms are possible. The natural compounds seem to belong to the trans variety and 
undergo ready dehydrogenation in the presence of alkali or acid and air yielding the 
corresponding flavonols. This conclusion is supported by the hydrogenation of a 
(+-) taxifolin derivative in the presence of Adams catalyst whereby a (-+-) catechin 
derivative is obtained.** 

A number of methods have been developed for the synthesis of 3-hydroxy- 
flavanones, but the most convenient seems to be the direct hydroxylation of flavanones 
in the 3-position, either by means of iodine and silver acetate®»*’ or by Fenton’s 
reagent.19~ The synthetic compounds differ markedly from the natural ones in 


undergoing ready dehydration instead of dehydrogenation. This could be explained 


as due to the difference in the stereochemistry of the 2- and 3-positions. The 
3 


synthetic compounds seem to have cis hydrogens and the 3-hydroxyl is in the axial 
conformation (LIV) favourable for the elimination of water. This is also the 
conformation that could be expected from the substitution reaction employed for 
the preparation. The cis-form is, however, unstable and on treatment with sodium 
acetate gets converted into the more stable trans-form (LV) which is the one occurring 
in Nature.” 


As already mentioned earlier, these compounds are of biogenetic interest since 


thev seem to constitute an essential common step for other groups of flavonoids 


Leucoanthocyanidins 


In view of the recent review on this subject,’ ly important points and more 


recent developments are mentioned here sel n’’ discovered 


» existence of 


leucoantl oOcyaninNs in course O SLUCY OT Lhe vine and the skin olf white 
grapes. He considered them to have the structu pseudo-bases corresponding to 
cyanins. Robinson!” 1 


found that /eucoanthocyanidins 
bination with sugai free. Le 
hese are not really pseudo-bases, ased their cha 
rgested that they may have either a flavan-d (XIL1) o1 
(LVI) structure. Bate-Smith'®' considered that many plant sources, reported to 
contain phlobatannins, really contained /eucoanthocyanidins having probably the 


flavan-diol structure 
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The first crystalline /eucoanthocvanidins to be studied were cyanomaclurin and 


peltogynol, but they had specia mplexity King and Bottomley'™ isolated 


melacacidin from the w f Acaci anoxylon, prepared a number of derivatives 
and esta snes onst | hy 4-diol (| \ 
This wi 
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The methods of synthesis of /eucoanthocyanidins could be considered under two 
categories: (i) reduction of flavonols and (ii) reduction of dihydroflavonols. The 
successful synthesis of a /eucoanthocyanidin by method (i) was made by King and 
Clark-Lewis'™ who obtained melacacidin tetramethyl ether by the hydrogenation of 
3-hydroxy-7 :8:3':4’-tetramethoxyflavone in the presence of Raney nickel. (ii) In 
the reduction of aromadendrin acetate using lithium aluminium hydride, Bauer, 
et al.""® jsolated a colourless gum which was converted by hot acid in propanol into 
pelargonidin. Following on this work, Swain*® reported that the reduction of taxifolin 
with sodium borohydride gave a non-crystalline /eucocyanidin which yielded a hexa- 
acetate and a tetramethyl ether. The borohydride method has been used as the most 
convenient, and taxifolin and its methyl ether have been reduced.** They yield 
mixtures of racemates which could be separated by fractional crystallisation. One 
of these isomers is found to agree with the derivative of the naturally occurring 
leucocyanidin. Similar reduction of aromadendrin and its methyl ether!!! also gives 


leucopelargonidin derivatives Keppler’ prepared mollisaccacidin by catalytic 


reduction (Pt catalyst) of the dihydroflavonol, fustin. Freudenberg has used this 
method for the reduction of a number of dihydroflavonols. An ingenious modification 


is the use of tetrabenzovidihydroquercetin to obtain /eucocyanidin.''* In this reaction 


benzyl and eventually removed 


the benzoyl groups are reduced to 
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chloride (LXII) with alcoholic hydrochloric acid. In this respect and in most 


properties, the reductive acetylation product is found to resemble the flaven-3-ol 


acetate (LXUD!” Obviou the reaction involves reduction of both the ethylene 
and carbonyl groups followed by the elimination of the elements of water. The same 


product could b btained by the reductive acetylation of the dihydroflavonol, 


taxifolin (LXIV). Quer in methy her also undergoc ‘action. The 
cyanidins 


important point 
cyanidins 


are Known 
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elimination of water or i 


in other words the hydrogen atoms in the C, and C, 
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(LXX) of (+-) catechin and (—) epicatechin w ith NBS; the resulting bromo compound 
(LXX1) undergoes conversion into cvanidin chloride (LXI1) in good yield 8 With 
silver acetate, the bromo compound ts found to eliminate a molecule of hydrobromic 
acid and vield /eucocyanidin acetate whose analysis and infra-red spectrum suggest a 
flaven-3-ol formula (LXIII). It gives a good vield of cvanidin chloride (LXII) when 


boiled with alcoholic hydrochloric acid Thus the oxidation of catechin has been 


carried out in stages 


Quinonoid anhydro-0ase 


Quinonoid anhydro-bases 


’ occur widely in the plant kingdom. It was observed 


by Willstitter and co-workers that anthocyanins change into colour-bases unde! 


mild basic conditions (pyridine, aqueous sodium acetate) The 


anhvdro-bases can vary considera and pend on the structure of the compounds 


The stabler naturally occurring colour-bases are /-keto derivatives related to flavones 


f a substituent in the 3-position facilitates the 


colou! s ol these 


and are deep red. The absence 
formation of a stable colour-base 


lhe first known natural compound of this group was Carajurin which was isolated 


h occurs along with another minor component, Carajurone, In 


by Perkin'?® and whic 
the rare cosmetic pigment “Carajura’ prepared from the leaves of Bignonia chica 
The constitution of carajurin (C,,H,,O;; 2OCH,) was established by Chapman, 


et al"™ Its reactions indicated that it was an anhvdro colour-base without a hydroxyl 


group in the 3-position Demethylation experiments vielded scutellereinidin chloride 


(5:6:7:4'-tetrahydroxyflavylium chloride) and boiling with aqueous alkali gave p- 


methoxyacetophenone. These results gave the main skeleton and the position of one 


of the methoxyl groups The position of the second methoxyl group was fixed as 5 


by eliminating other possibilities and the formula (LX XII) was given to carajurin 
An important point that had not been settled was the possibility of isomeric 


change during demethvlation. It was found'’* that 6 7-dihvdroxy-4 -methoxyflavylium 


chloride was markedly different from 7-&-dihvdroxy-4’-methoxyflavylium chloride 
colour and staining capacity of the colour-base 


6:7- 


in the ferric reaction and in the 
6:7-Dihvdroxy-4'-methoxy-5-methylflavylium chloride resembled the above 
dihydroxy compound as well as carajurin very closely. These results were in agreement 


A 46, 25 (1957) 


A. K. Ganguly, T. R. Ses 
fura rift Arthur Stoll. Experientia 


“eT. R eshadri, Na 
(19 


21 — Chapman, A. G Perk nd R. Ro sor Sc 3015 (1927) 
1. Ponniah and T. R. Seshadri, Proc. Indian Aca ci. A 37, 544 (1953) 
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with the constitution of carajurin given above. 7-Hydroxy-5:8:4’-trimethoxy- 
flavylium chloride when subjected to demethylation did not undergo isomeric change 


under ordinary conditions’ and the product was different from carajuretin chloride 
(scutellereinidin chloride). 
rhe synthesis of carajurin has also been achieved by employing an unambiguous 
series of steps. The important intermediate is 2:4:5-trinydroxy-6-methoxybenzalde- 
hyde which was prepared conveniently by employing the method of nuclear oxidation. 
Carajurone, the minor component of Carajura, had one methoxyl group less in 
its molecule but otherwise resembled carajurin closely. Though no detailed study 


of the substance could be made, Chapman, er a/.'*' suggested the possible structure 
as shown in LXXIII. Its synthesis also offered some difficulty since the isomeric 
compound with the 5:7:8-arrangement of hydroxyl groups tended to be formed 
Finally by employing 2:6-dibenzyloxyquinol and condensing it with anisoylacetalde- 


hyde, carajurone could be synthesised in good yield.'*° 


Dragon’s blood resin is another source of natural anhydro-bases. This resin is 


obtained from trees belonging to the genera, Dracaena and Daemonorops and it 
contains two substances viz. dracorubin (major component) and dracorhodin 
(minor component). The latter has a simpler structure; it was shown to be the 


colour-base of 7-hydroxy-5-methoxy-6-methylflavylium chloride and this constitution 


was confirmed by synthesis using 2:4-dihydroxy-6-methoxy-5-methylbenzaldehyde 
and acetophenone. 

Dracorubin has a more complex structure which has been studied by Brockmann 
as well as by Robertson et a/.'*".*** and the latter have given it the formula (LXXIV) 

The group of insoluble red woods belonging to the genus Pterocarpus provides 
some of the most valued and durable timbers of the tropical areas. They contain a 
number of colourless crystalline components belonging to the flavone, isoflavone and 
stilbene groups of compounds. The red colouring matter of these woods has long 
been an interesting subject of study. Two pigments, santalin (major component) and 
santarubin (minor component), have been isolated from red woods and tentative 
structures LXXV and LXXVI respectively for these have been proposed.' They 


30 
L. Ponniah and T. R. Seshadri, Proc. Indian Acad. Sci. A 38, 288 (1953). 

L. Ponniah and T. R. Seshadri, Proc. Indian 1a ri A 38, 77 (1953) 

125 | Ponniah and T. R. Seshadri, Proc. Indian Acad. Sci. A 39, 45 (1954) 

26H. Brockmann and H. Junge, Ber. Dtsch. Chem. Ges. 76, 751 (1943) 


127 A. Robertson and W. B. Whalley, J. Chem. Soc. 1882 (1950) 
us Brockmann, R. Haase and E. Freienschner, Ber. Dtsch. Chem. Ges. 77, 279 (1944) 
Robertson, W. B. Whalley and J. Yates, J. Chem. Soc. 3117 (1950) 
Robertson and W. B. Whalley, J. Chem. Soc. 2794 (1954) 
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are also quinonoid anhydro-bases and the flavonoid, isoflavonoid and stilbene 
structures seem to be incorporated in them 


3:4-Dimethoxypheny!; R = 2:4 dimmethoxypheny! 
4-Dimethoxypheny!; 3:4-— dimethoxypheny 


Regarding the relationship between constitution and colour it is significant that 
the 7-position of the C,, unit is involved in the quinonoid structure This seems to 
contribute to the stability and the deep red colour of the natural anhydro-bases. 


Substitution he 5- and 6-positions with a hydroxyl, methoxyl or methyl group 1s 


favourable whereas hydroxy substitution in the 8-position seems to be unfavourable. 


Partial methylation and 


can contain hydroxyl 
iral compounds 
ng place without marked 
of the hydroxyl 
seems to depend on 
xyl groups and (1) 
r complex formation 
that only in flavanones 
is the most predon inantly 
OT was successfully used 
ital (LX and sakuranetin 
extent, in other groups 


the partial methylation of 


followed by methyl 1 and 
hydrolysis wa ggest ‘a sib] anism for the evolution of 


A (LXXX) (a 6-n ; ind simila mpounds in Nature In these 


lycosidic group seems na tin the most reactive “position 


Ex 


LXXVI, R=< 
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groups though the and 6 -positions are 
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a the 7-hydroxyl group 1s possible in certain Navones 
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j j 4 32, 342 (1950) : 
N. N rR.S Sci. A 37, 531 (1953) 
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HO 


OH O 

LXXX 
he 5-hydroxyl group of most flavonoids is protected by chelation involving the 
carbonyl group of the pyrone ring. Partial protection of hydroxyl groups in other 


positions seems to be also possible by complex formation. As an example the borate 


complexes of hydroxyflavonoids'’.* may be mentioned. These involve both the 
chelate structure of the 5-hydroxyl group and the catechol units present in various 
parts of the molecule. Using this feature, it is possible to prepare partial methyl 
ethers. Typical examples are rhamnetin'®? (LXXXI) from rutin (LXXXID) or 
quercetin (1) and 7-O-methylluteolin'®® (LX XXIII) from luteolin (LXXXIV) 


[he naturally occurring partial methyl ethers azaleatin'® (quercetin-5-methyl 
ether) and muningin™! (6:4’-dihydroxy-5:7-dimethoxyisoflavone) are extraordinary 
in that the resistant 5-hydroxy] group is methylated and at the same time more 
reactive hydroxy] groups are left free. In the flavones, nobiletin and tangeretin. this 


5-hydroxyl group is also methylated, but there is otherwise complete methylation 


Cases of partial glycosidation of hydroxy! groups in tl osition are more common 


(e.g. salipurposide, sakuranin, galuteolin and apigenin-5-glucoside). The explanation 


offered earlier'*:'* for the evolution of such glycosides is also applicable for the 
partial methylation as found in azaleatin and muningin. It has been suggested!4 
that methylation of the hydroxyl group concerned takes place before pyrone ring 
closure 

Partial methylation and partial demethylation of flavonoids seem to be related 


processes and in many cases, the methoxy! groups which arise by methylation of the 


more acidic hydroxy] groups are those that are less easily demethylated by ordinary 


methods and vice-versa. A number of reagents have been used by different workers 


for the partial demethylation of flavonoid methyl! T Ihe positions of the 


methoxyl groups that undergo demethylation depend on the nature of the reagent, 
the solvent medium and the temperature of the reaction. Methods are available for 
the selective demethylation of the 5-methoxyl groi p alone or 3- and 5-methoxyls or 
5- and 8-methoxyls or all the methoxyl except that in the 7-position. Typical examples 


are given below 
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The most convenient reagent which can bring about preferential demethylation 
of the 5-methoxyl group ts anhvdrous aluminium chloride in ether solution This 
reagent has found wide application in different groups of flavonoids. As an example 
mav be mentioned the recent synthesis of dihydrowogonin (1 XXXV)" in which 
7-hvdroxv-5 :8-dimethoxy-flavanone (LXXXVI) ts subjected to partial demethylation 
with this reagent in dry ether solution. This provides the most convenient method 
of synthesis of this naturally occurring flavanone. However, if this reagent is used 
in nitrobenzene solution, the 3-methoxyl group ol flavonols is also demethylated in 
addition to that in the 5-position.™ Another demethylating agent ¢ this type 1s 
concentrated hydrochloric acid. It has been used u e synthesi norvisnagin 
(LXXXVII) from visnagin (LXXXVIIT) and in the preparation of partial methy!| 
ethers of isoflavones."** Care has to be taken when hydrobromic acid is used for 
this selective demethylation becau ating at 100° affects the 3-methoxyl group 


also 


and &-positions is involved, 


nitr i an be used orms a pull ‘ h can be 1 to the corre- 


spondin quinol arat cellin (LXXXIEX) 


based on 


‘en found to be a convenic rent for the demethylation 
except the one in the )-position of flavanones and 
ynetin (LXXIX) can be prepared from ?-hvydroxy- 

yne (XCI)." A more satisfactory reagent for the is flavones 

is hvdriodic acid which ts -mployed under controlled conditions. By this means, 
the naturally occurring isoflavones, prunetin (LXXVII)' and santal (LXXVIID,“' 


have been synthesised. A recent exam] f the utilisation of this method of partial 


demethvlation is the preparation ol wedelolactone (XCH) from its full methyl ether 
prey 
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(XCIIT).“* Other methods of synthesis involving protection of hydroxyl groups by 
other means are far more difficult 


j rei 
Ring isomeric change in flavonoids 


In a number of cases of flavonoids, two isomers can arise as the result of the 


pyrone ring closing in two different ways. Both isomers occur in a few natural 
sources, but this is not general. The question then arises as to whether both are 
produced from a common precursor by ring closure in two ways or a factor of special 
stability plays a part favouring one structure. The alternative would be the process 


of direct substitution of a precursor in two different ways. Hence the study of 


isomeric change under laboratory conditions may be of value 


Mukerjee and Seshadri'™ reviewed this subject in detail. It was emphasised that 


the pyrone ring can open even in hot acid solutions and can thus provide conditions 


suitable for isomeric change. The earlier work of Wessely and Moser’ and many 


158 


related to the conversion of 5:7:8-methoxyflavones (XCIV) into the 


others! 


5:6:7-hydroxy compounds (XCV) during demethylation with hydriodic acid. This 


was of importance from the point of view of the determination of structure. Rao, 


et al.””* utilised this reaction for synthetic purposes. A similar position existed also 


with 5:8-dimethoxy compounds (XCVI) undergoing change into the 5:6-dihydroxy 


compounds 
In chromones and flavones the above isomeric change took place with considerable 


D. N. Sast i 
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facilitv. The reverse change was not found to happen. Using select examples, 
Seshadri and co-workers'@-™ showed further that substitution in the 3-position is 
of importance, a methoxy hydroxy or phenyl substituent prevents this isomeric 


change under ordinary conditions of demethylation while a methyl group does not 


This was explained as duc to their influence on the reactivity of the 2-position. The 
work of Wheeler and co-workers™ and of Baker et a/.*“ showed that even this effect 
can be overcome by emp! ‘tic conditions, i.c. high temperature in a sealed 
tube The preferential formation of the 5:6:7-arrangement of hydroxyl groups 
during demet or ttributed to tl eat bility of this arrangement!” 
and Wa » supported b pret for tion of flavones and 
flavonols of 1 tv] t thod o nthe ( Allan—Robinson method) 
can d to the pr tb 
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subsequent dk 
ditions.’ Recent! 


substituted flavylium salts into 


In the case of chromones 
boiling acid solutions since under mil 


and on boiling in alkaline solutions the 
position is different. Under mild alkaline con 
isomeric change irst example to b ydroxy- 


7:8-dimethoxyisoflavone (CX).""* Subsequently, modific: been 
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employed and it has been found possible to isomerise satisfactorily 5:7-dihydroxy- 
8-methoxvisoflavone (CXI) into the more difficultly availa ble 6-methoxy compound 


(CXID"™ This method is capable of useful application 


The flavanone ring structure is susceptib! opening in mild acid as well as 


alkaline conditions and hence ison Th ikes place readily. The earliest 
example was the conversion of ci midin socarthamidin when heated with 
water.’™ With flavanones having fewer number 0! droxyl groups, mild alkali in 


the cold can be used Thi reatment : mploved by Narasimhachari and 


Seshadri'™ to test the stability « 5-] yflavanone derivatives. More recently, 


Chopin e/ ai. have used it for converting 5:7:8-substituted flavanones into 5:6:7- 


a nave 
substituted flavanones For example. dihydrowogo! in (LXXXV) was cl anged into 


dihvdro-oroxvlin (CXIIL) when dissolved in alkali and subsequently acidified. But 


a new observation was mad y them that u ase of 5:8-dihydroxy-7-methoxy- 


flavanone (CXIV) there is no isomeric change in acid or alkaline n edium: in fact, 


the isomeric 5:6-dihy v-7-methoxvflavanone (CXV) is more unstable and under- 
goes chang { 5:8-dihvdroxy isomer (CXIV) his was attributed to chelation 
between the &-hy | and tl vrone oxygen stabilising this isomeric form. The 
7-methoxyl group is considered to b ssential | t| stability of the quinol as 
otherwise the 7-hydroxy compound behaves in the normal way and undergoes 


momer#ic ¢ hange 


CXY 
The unexpected difference in the behaviour of the closely related furanopyrones, 


visnagin (LXXXVILI) and kellin (XC), when subjected to demethylation, has already 
been mentioned." It is now definite that the formation of norisovisnagin (CXVI)'™ 
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involves the rearrangement of the furan ring whereas the formation of norisokellin 
(CXVII)'*? involves the rearrangement of the pyrone ring. More recent studies™ on 
the synthesis of furanopyrones lead to the conclusion that both the rings open in 
acid medium (CXVIII) and rearrangement takes place involving one or the other 


ring depending on structural factors 


It should be emphasised that the methods of demethylation and methylation 
can influence structure. As indicated above, demethylation with hydriodic acid can 
bring about isomeric change in a large number of cases: to avoid this. anhydrous 
aluminium chloride is the reagent of choice. It seems to be clear that in the more 
stable structures (flavones, chromones and isoflavones) methylation does not produce 
any isomeric change but with flavanones, the position is different. Aqueous alkali 
and dimethyl sulphate are unsuitable because of ring opening. There are indications 
that even methylation with dimethyl! sulphate, acetone and potassium carbonate can 
produce isomeric change ons 

Though in general we could anticipate the manner in which isomeric change 
would take place in the many systems investigated, the position is not definite and 
predictable. Hence, adequate caution has to be exercised in drawing conclusions 


based on the experimental results 


Ve discoverie 


In an earlier review,'*® a list of naturally occurring flavonoids was presented and 


they were arranged according to the well known groups. During the intervening 


period, there has been a large number of new discoveries and a few cases of correction 


of the old constitutions. Hence, the additional matter in this regard is provided in 
the following tables with the recent references from which the earlier references could 
be traced 
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FLAVONES 


Name Position of Position of methoxy! Source 


hydroxyl groups and other groups 


Pinus and Populus 


(1) Tectoc ysin 
species 
eaduis 


Citrus poonensis 


aurantium 


XVI Int. Congress Pure 


- 
ree 
4 
5 
Ag 
nveret 
(3) Ta vere »,6, 
3 (Ponk ) 
(4) 5-O-De thylnobiletir 5 6,7,8,3',4 Citrus 
(5) Strobochrysir § (6-methyl) Pinus strobus 
FLAVONOLS 
a 
(1) RI nocit 5.4 Rhammnus catharticus 
(4) Ombuit 35,3 Pi lioica 
(5) Avat 53 D monanthu 
: (9) Te s4 3 Velico lernata 
(10) Oxy B $.6,3 ; D nthus 
rida i? ‘ 
(12) P 5.4 3,6,7,3 abietinus 
13) Art ¢ 4 try es 
(14) Oxy 3.7.4 D onanthu 
(15) 3,6,7,8,4 Cin intius 
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Name Position of Position of methoxy] Source 
droxyl groups and other groups 


(16) Desmethoxykanugin?™ 3,7(3’ :4’-methylene- Pongamia glabra 


dioxy) 


(17) Melisimplin® 3,6,7(3’ :4’-methyl- Melicope simplex. 


enedioxy) 
(18) Melisimplexin* 3,5,6,7(3’ :4’-methyl- Melicope simplex 
enedioxy) 
(19) Meliternatin 3,5(6:7:3' :4’-bis- Melicope ternata. 
methylenedioxy) 


Ponderosa pine bark. 
Ponderosa pine bark. 


(20) Pinoquercetin 
(21) Pinomyricetin 
(22) Persicarin Polygonum hydropiper 


Eonanthe tolonifera. 


(24) Distemon: 


roots, Dahlia 


FLAVANONES 


4 
; 
197 
— 
= 
(23) Persicarin-7-methyl ether (3-potassium 
sulphate) 
henthamianus 
4 
(1) ésoLiquiritigenin 4.4 orice 
(2) isol ritiger +-methy 2.4 4 Yanthorrhoea resins. 
(3) Excelsu 2 4 ¢ Pinus exe 
(4) Stillopsidir 2.4.5.3'.4 Plathymenia reticulata 
( p enin) Cor anil 
(5) Okanin & | 2,3,4,3',4 d abrinensts 
okKanil ) 
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Name Position of Position of methoxy! Source 


hydroxyl groups and other groups 


(1) Pinocen 


Chem. 11, 372 (1958) 


br in Pinus specie 
(2) Alpinetin®*™ i/pinia chinens 
(3) Pinostrobin P trobus 
(4) $4 73 Velicope sarcococca 
(5) 5-H :3’-dimethon xy) Velicope sarcot 
(7) P Pla culata \ 
(10) r bir } Pu 
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(5s) 3.4 P an 
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Name Position of _ Position of methoxyl Source 


hydroxyl groups and other groups 


(1) Muningin* Pterocarpus angolensis. 


DIHYDRO/SOFLAVONES 


(1) Padmakastein*™* Prunus puddum 
(2) Ferre n 


(3) Homoferreirin 


A URONES 


(1) Palasetin 


(1) Mol 
(Aske 
(2) Melacac 


(3) /eucoPelargon 


(4) leucoCyanidin 
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H 
a 
lie 
é 
as 
6,3',4 Bu frondosa, Cosmos 
(2) Leptosidir 6.3.4 ( species 
(3) Aureusidin 4.6.3'.4 Oxa rnua 
inftirrhenium majus 
A NTHOCY ANIDINS 8 
4 
(flavan diols) 
a ré 
> 
acidin'"* {cacia mollisima 
if ) Gieditsia japonica 
7,8,3',4 {cacia melan 
5,7,4 Eucalyptus calophylla 
5,7,3',4 Butea gum, Tamarind 
seed testa 
z M. L. Dhar and T. R. S P / mA . A 43, 79 (195¢ 
‘S. Ramar rR.S P { Sci. A 47, 175 (1958) 
rT. A. ¢ W. Move. J. Amer. Ci 73, 5765 $1) 
T. A. Ge ul 1J.B.H J. Amer. Chem. S 77, 4622 (1955) 
; 27 J. W. Clark-Lewis and M. Mitsuno, J. Chem. Soc. 1724 (1958) ; 
- 
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Source 
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Nan Positi vf Position of methoxy 
S) leucoDeh Karada bark, Eucalyptus 
4: 
F. E. K Ww. 
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SYNTHESE DES b,L-IRIDOMYRMECINS UND VERWANDTER 
BICYCLISCHER LACTONI 


d A. ZSCHOCK! 
B 
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Darstellung mit Hilfe der Prins-Reaktion 


Im Rahmen von Arbeiten iiber Erythrina-Alkaloide beschrieb Belleau’ erstmalig 


die Anwendung der Prins-Reaktion® zur Synthese bicyclischer Lactone. Er ging 


oHexenessigsiure aus und erhielt nach Umsatz mit Paraformaldehyd 


dabei von 
Einen entsprechenden 


in Abhingiekeit vom Lésungsmittel die Lactone V oder Vi 


(1950) 


4 4 
= > > 
> 
Reaktio chanismus | Willia bei der Darstellung substituiertet 
D IS ungesiitt \ d Ca komponenten mit Hilfe a 
D P Rei Dat ung DIK Cl -| actone allger Cin 
( Kal Liscne Hydrierung cite! r aus VI da rewunscnlk 
gesittigte bicyclisc Lact 
\ Ertahs MNOCYVCIISC resaltigt Lactonen benutz- 
ra N Rat Act in aa il Ld la katalysat ren 
del Lac eicht ricidel 
on W nd Hexant e ausgehend von den Verbindungen VII 
ind ‘ n Lactone IX und d Gemisch aus IX und gal 
Sow Prins-Rea Eises Schwefelsiiure als auch die Hydrierung gelinge! 
in gui Ausbeute In Abweset t von Parafort lehyd tritt mit E1sessig Schwe- 
felsiure eine Isomerisiert on VII zu den Lactonen vom Typ IV ein. 
R 
rs val 4 
R 
ph H. J. Prins, Chem. 14, 932 16, 1072, 1510 (1919); Proc. Acad. Sci. Amster. 22, 51 
Mee (19 1. W. Baker, J. C) § 296 (1944), 89 (1948); W. Barendrecht, Chem. Weekblad 54, 404, 414 awe. 
(1958 
ae Pp. H.W ns. G. C. Ecke und S. A. Ballard, J. Amer. Chem. Soc. 72, 5 ==. : 


x-Hydroxyalkyliden-Lacton-U mlagerung—IX 


VII. VIL. IX a: 
h 

CH,, R,, R, =H 

d: R,, R. =H, R, = CH, 


Bei Uebertragung der Reaktion auf cyc/oPentenderivate sollte Iridomyrmecin 
Wir erwarteten eine Ausbeuteverminderung, da nach den Ergeb- 


Zuginglich sein 
nissen von Brown” bei 5-gliedrigen Ringen die exocyclische Doppelbindung (XIV) 


leichter ausgebildet wird als bei 6-gliedrigen Ringen. wo die endocyclische Doppel- 


bindung (XI) den Vorrang hat. Es stand also zu befiirchten, dass unter unseren 
Reaktionbedingungen bevorzugt der s-f-ungesattigte Ester (XXI) statt des joo 
ungesdttigten Esters (XIX) entsteht. Mit Substanzen vom Typ XXIV gelingt die 
Prins-Reaktion jedoch nicht mehr, wie unsere Versuche zeigten 

In Uebereinstimmung mit den Ergebnissen von Brown® fiihrt die Wasserabspal- 


X vollstaindi: n Ester 


tung be: dem Hydroxvyvestet 
bei der Wasserabspaltung aus XII neben dem fi ie Prins-Reaktion be 
j-v-ungesdttigten Produkt XIII auch det -/-ungesittigte Ester XIV _ entsteht 


unve 


Prins-Reaktion 


d= DOU ntanon aus. Gas 


Zur Synthese des Iridomyrmecins 
Hydroxyester XVIII 


it x-Brompropio! 
umgesetzt wurde. Die Wasserabspaltung liefert ein Gen 
tigten Ester XIX, XX, XXI. Nach der alkalischen ing 1 die Sa 
XXIV durch Destillation abtrennen. XXII, XXIII wurden mit Paraformaldehyd 
Lactonen XXV, XXVI umgesetzt, die 


in Essessig/Schwefelsdure zu den ungesattigten 


H. C. Brown, J. A? 
O. Wallach und E. f 
* O. Wallach und V. Mart 


: 
203 
d 
n 
4 
10 
OH 
OH 
CH = 
ALY 
Das Estergemisch wird verseift und die «-(-mmmmsittigte Saure durch Destillation 
abgetrennt. XV lasst sich mit Hilfe der MM clatt zu XVI umsetzen 
JOH 
H 
A ¥ A A ¥ 
: Soc. 76. 467 (1954): J. Ore. Chem. 22, 439 (1957) 
b inn. 360, 44 
} us, Liebigs Ann. 365, 272 (1909) 
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katalvtisch zu einem Gemisch aus | a und XXVII hydriert wurden. Ein aufgenom- 


menes Gaschromatogramm bestitigt das Vorhandensein von mindestens zwel 
Substanzen. (Beckman GC-2,200 Milliampere, H,-Druck | ati, Temp 160°, Emp- 
findlichkeit 10. Einsatz ca. 70-80 mg, Kolonne Nr. 70008) 


x 
if 
| 
TY 
| 
¥ 
4 
| 
| 
+ 
5 
JOH 
H 
— 
Vv, 
>. 
Mes 
CH, 
x 
4 


“:) 
Wp 


2 
i 
4 
Lue 
"Li 
+ = 4 
x : = 
2 d 4 
: 
= ‘ ee 2 = 4 
z j + > 
= 3 
S 
7 
‘ ay 
NYSAOSEY 
p. 204 : 
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Aus diesem Gemisch konnte das pb, L-Iridomyimecin durch Zugabe eines Impf- 
kristalles* auskristallisiert werden, wahrend die restliche Substanz als Oel zuriick- 


b rn 


Das synthetisierte kristalline D,t-Iridomyrmecin ist in seinen chemischen. 


physikalischen und biologischen Eigenschaften sowie dem [R-Spektrum mit dem 
von Pavan isolierten Produkt identisch. Es liegt als Racemat vor 
Mit dieser Synthese ist die Struktur des Iridomyrmecins endgiltig gesichert 
(Abb. 1) 
Wihrend Belleau bei der Prins-Reaktion in Abhingigkeit vom Lésungsmittel 
Vi auch V erhielt, fanden wit i allen Versuchen ngig vom Lésungs- 


nur das Auftreten von z- tt n La 1 sowohl in der 5- als auch in 


hervor, 


(NaCl) 
(XXIX) 


rn 


JOL. n eee 
der 6-Ringreih Das geht besond jer B A \ 
greihe as gent Desonders aus der Betrachtung der U 
a b allen Produkten eu bh 223 ca. 4.0) fweist Die ¢ ©. ; 
Frequenz liegt im IR bei 1707-1720 (NaCl) bzw. 1716-1727 (CCI,) bzw. 1730 
1732 ¢ (CS.), die ¢ C-Frequenz bei 
we die dur wel Mettretereppen blockiert D tstehen 
ch | it Hexer butter XXVIII ( Penten- 
buttersiit XXX1) und UV-Lactonbande 
at 
82° 19 4 
> 
\ | 4 Produk 
j K. H. ( Ber. 91. 1398 


dem nac 
XXXVI 
XXXVIII 

Durc 


det O- 


Korre. J. Faree und A. ZSCHOCKE 

sowohl im UV als auch im IR—findet man auch bei 
rgestellten sicbengliedrigen bicyclischen Lacton 
Hvdrierung das gesittigte bicyclische Lacton 


1 Absorptionen 


\ erlahren ne 


en 


Ault bau 


Prins-Reaktion gut zun 


dass sich dic 


n -Lactone al 
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Die gleicher 
a 
m 
dem gleichem 
dargestellt werden 
und 7-clicdrigen bicyclischc wenden lisst 
il. Darstellune mit Hilfe d Vicha {dditior 
Warner und Moe war es erstma clunget | -4-Additior vischen Malon- 
ion Wir verwandten diese Methode als \ Darst smi keit zur Synthese | 
So ten M in dehyd ch det 
M Additix verde bei XX XIX entsteht 
N katalvt Hyd ler Ald t man den Hy tel 
folet. Verseifus dD box vii 
der D d de Lac ube 
IR-S dur P Lactol 
(XVII 
pent XLII) d Die D ce 
p \ B Die | 
Hyd H eferte 4-M mend den 
p der Diald XLII entsteht, det 
riger KOH | theoretisch d eid lsomere XLII) und (XLIN uidet 
werde 


4-Addition 
ste Carbonylverbindunger ibstiturert AIKOXY 
Durch Hydro 


$-Pentandiole fuhrt, di r Dehydrierung 0#-Lactone ergaben 


72, 
74. 2012 (198 


cH 
CHO 
H CH 
60%e 
OH HO 
ALU 
CHO 
CH 
XLIV 
Da Gsaschror il ‘ramm des Reaktionsp t. da beide ingetahr 
PICIC \ ntstene ( Bec an GC? 130°, H,-Druck | atii, 200 mAmp 
i 
Dies Iso Misc de der Mik Additior t Methylmalonester 
rer unterworfer ei 1. Nach der H iXLVI Verseifu 
oo Decarboxylic 1 Ringschluss dara dem bereits b ebenen Wege das 
Lac (I d (XXXII) entst 
CH b4 
ALY 
: CH 
XXVIII 
1) | erengemisc t sk itographisch auft (Beckma 
Cif H.-D | at Amp, Ke 17449 gd entspricht 1 
biologischen Verhalte ¢ Irick Die Substanz krista e nicht 
Il. Darstellung mittels Diels—Alder-Addition 
Lon yn Vinylat an 
ungesal 3:4-dihyd »-2H-pyrane 
darstell n die entsprechenden 
Es 
R. J. Lo < Ir ind W. S. I < oO 1 r. Sox 50) 
R. J. Longley Jr. und W. S. on, J. A Sox 5? 


Fatee und A. ZSCHOCKI 


HO(CH,).OH 


Autok la ven 


gelang uns 


ru (XLVIT) 
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gum uns, den cycloPentenaldehyd mit Methylvinylither im bei 160 
EEE wim. zusetzer 
: : 
H 
XLVI 
) 
Die Hyd (XLVI Die Oxyda t H. 
Med ( rt) Hydro» IL), « 
B S Vakuu tu 
stalk R | | 
a! > > | > 
‘ ALY eae 
CH, 
> > ‘ 
‘ Lil, d 
\ i} 
VI \ \ 1) 
‘ 1\ , 
‘ Mi d W ford 
\ kK 179 
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ide 
: 
209 
CH CH CH, 
fe 8 "le 
> 
“O0C.H 
cl 
CH 
76% 
COOH 
lie | 
| H CH 
LV va 
Sterische Betrachtungen 
a Fiir Iridomyrmecin und isolridomyrmecin kann auf Grund des Verg res 
A bhauprodukt t d Nenetalis sine 4 
am a { R ) } | 
Die Methylgrupp ng (C,) steht Substituent 
in ¢ Da da ’ R 
das 
‘ i \ | ¢ 
ist i C ( Pent fey 
ell \ el 
erl i ( € ) | | 
an C, ( 
erhalt be Hydri LI l 
S.M.M | >? 
: R. B. B S.M.M 
R. B. B S. M. M ( 80. 80, 3424 
H. oO A 74. 304 ) 
: 
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Da bei der Michael-Addition von Methyl yclopentenaldehyd und Methylmalon- 
siiurediiithylester auch nach Animpfen des Endproduktes (la und XXVII) mit 


natiirlichem Iridomyrmecin keine Kristallisation erzielt werden kann, ferner das 


IR-Spektrum in der Feinstruktur nicht mit dem des Iridomyrmecins iibereinstimmt, 


CN 
COOR 


CH, COOR 

LIX 
ist mit einer anderen sterischen Anordnung der Substituenten an C,, C, und C, zu 
hnen. Bei Beibehaltung der nach dem Kalottenmodell giinstigen cis-Anordnung 
Anordnung zum Substituenten C, gerechnet 


rec 
an C, und C, kann an C, 
werden. Diese Ant experimentellen Befund, 
Fehler ethylgruppe an lie sé hl nach dem Prins-Reaktions—als 

*rodukte (XVII) im Infrarot 


hemischen und physika- 


dass be 


RIMENTI 


Methyl-cyc/o- 


re (100 


r aulgenommen 


26 
| 
COO 
~ 
die gleichen Absorptionen zeigen und in allen gepriften cs mo. 
Eine sichere Zuorc der Konfiguration C. und C, 5 ren syn- .. 
thetisch erhaltenen Produ} doch erst nach \ eich ihrer Abbauprodukte 
4‘ i \V-A 4 ik -( ‘ 
i Naf ¢ {) j Re ( (; ( Hi ) j ) 
i] 34 Hexe 
‘ OO: 1.5 en 6 Stunder ‘ 
V ak 1) R nit 
CSM W ‘ I ke cr M m 
bloses O } \ e: 12 Th.), UV-A 223 log > 
4.04. IR-Carb NaCl), IR-C--C-Bande 1635 (NaCl). (C,,H,,O 
(166) Ber. ¢ H Gef. ¢ 64: H. &.50°.) 
)-H Villa, 8 ¢ Raney-—Nickel und 
SOU ¢ \ | d bei 80 if im 
abt ngs che P Vak. trakt rt destillert. 
ses Ocl, \ cute: 8&5 (84 17 UV-Abso 210 my, 
log 22. 1736 cn (C,,H,,O (168) Be ( 1.39: H, 9,59 F 
Gef. ¢ 1.58: H, 9,S¢ 
Hexer propionsaure »0 Paraf nd 250 ccr 1,5) 
am werden 6 Sid ng unter Riickflus Sieden erhitzt. Nach dem Erkalte erden 15 g¢ Natrium- 
acetat zugegeben und das Los el abdestiilier Der Riickstand wird in Act 
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Die Atherische Lésung wird mit eiskalter Sodalésung und dann mit Wasser gewaschen und liber 
Magnesiumsulfat getrocknet. Nach dem Abdestillieren des Aethers wird das Reaktionsprodukt i. 


Vak. fraktioniert destilliert. Farbloses Oel, Sdp 88°, Ausbeute : 72 g (70% d. Th.), UV-Absorp- 
tion : Amax 223 mu, log 4.04, IR-Carbonylbande: 1707 cm™' (NaCl), 1716cm (CCI,) 


IR-C—C-Bande: 1635 cm~' (NaCl). C,,H,,O.: (180,2) Ber. C, 73,30; H, 8,95; Gef. C, 72,81; 
H, 9,10° 
(1Xb). 41g VIIIb, Sg Raney 


Nickel und 500 ccm Aethanol werden in einen Druckriihrautoklaven gebracht. Es wird bis zur 


Druckkonstanz bei 95° und 100 atm. H.-Druck hydriert. Danach wird vom Raney-Nickel abfil- 


triert, das Lésungsmittel abdestilliert und das Reaktionsprodukt 1.Vak fraktioniert destilliert 
Farbloses Oecel, Sdp 92°, Ausbeute: 40 ¢ (96 d. Th.) UV-Absorption Amas 210 my, 
2,1, IR Carbony!lbande 1735 cm (NaCl), 1736 cm ‘(CCI,) (¢ H,.O (182.3) Ber 


log 


72.49: H. 9.96: Gef. C, 72,44: H, 10,07°) 


misch aus Vethy 2 hydroxymethy cyclohe nd thyl-2- 
hydre cCvcionex* viiden )-propionsaurs acton (\ d) 70 des lsome engemiscnes aus 
3-Methyl-cyc/ohexen propionsaure und 15 ¢ Paraformal- 
dehvd und 185 ccm Eisessig-Schwefelsdure(100 : 1,5) werden 6 Stunden lang unter Riickflusskihlung 


zum Sieden erhitzt. Nac lem Erkalten werden |1 ¢ Natriumacetat zugegeben ul is Lésungs- 


mittel i.Vak. abdestilliert. Der Ruckstand wird tn Aet! fgenommen eiskalter Sodalésung 


und anschliessend t Wasser gewaschen und tiber Magnesiumsulfat getrockne Das nach Abde- 

stillieren des Aethers erbleibende Produkt wird \ fraktioniert des ert Farblose Ocel. 

Sdp ) Ausbeute (74 d. 7 UV-Absorptior 993 lo 1 (3 


IR-( 
(€ 


und 500 cc Ac nol werden in eine Druck ra klaven gebracht. Es d bei 95 nd 100 


atm H,-Druck bis Druckkonst hydri¢ Anschliessend wird vom Raney—Nickel abfiltriert, 


das Los 
Sdp 
IR-( 
H 


bloses 


(Nat 


von 45 Minuten werde ere 35 ¢@ Zink p Swe regebe id ch Beendigung de 

mischen Reaktion noch 38 erR » ete Reak ns 
gemisch wird ul R en bis zur sa Reaktio 20 H.SO, verse Anschliessend 
wird die Benzolschicht abgetrennt und die wassrige Schicht mehri } Ber sges elt 


: 
H,,.O.: (180.2) Ber. C, 73,30; H, 8,95; Gef. ¢ H, 9,04",) 
Met/ 2-hydi yclo ) lacton AX c,d). 35 VIII i, 5 g Raney—Nickel 
smitte!l addest und das Reaktionsprodukt 1.Vak. fraktionie aes Fart ses 
101-10 Ausbeute: 2/7 Th.), UV-Absorptio ) g 
wibande 1736 CCl,). H,.O 182.3) Ber. C, 72,49: H, 9,96; Gef. 72.35 
) 4 
4-(2-Hydrox thyl-cyclopent yliden) iui XVI) 80 9 oPenten-x-propion- 
siure, 20 ¢ Para le nd 250 cc | r-S felsaure (100 : 1,5) en 6 Stunder ng 
unter Riickfluss Sieden Erk erde! Nat etat revebe id 
das tt Wa ik Der Riickstand n Ae f 
men und mit eiskalter nd dant hen. Nach Trocknen iiber Magnesi 
sulfat wird der Aethe b nd Reak yrodul Vak. fraktionic le Fa 
Sdp 84-8 A usbe ) 68.4 Th.). UV-Abso 
| 401, IR-€ 01 nde 1704 Nat 9 cn C-Bande 1635 cm 
. Gz). (C.H,.O 152) Ber. C, 71,02: H 5: Gef. C, 71,17; H, 8,08°%) 
x-(2-Hydro ‘ ty/) wl (XVIT) SOe XVI. Rane Nicke ind 
SOO cc Aet verder kril ebrach d } 
H.-Druck bis Irie \ el wird Raney—N bf é das 
bd is Reakti Vak. fraktionie des Farbloses 
Oel, Sdp 11-72°, Ausb 9.5 UV-Absorptios 210 my, log 2,1 
bonvibande 1753 ¢ 1/4 Nal (154) Be ( 0.10: H. 9.15 
: Gel. ¢ 70,20: H, 9,33 ) 
Met cvclopent NONSG -1 (XVII 120 Bromprop sdureathyl 
ester, 43 g 3-Metl entano! nd 5 Zinkspane te 300 cc abs. B unter Riihren 


HOCKE 


das Benzol abdestilliert und der 


68 o (84 


Ester. Es 


(4-Methyl-cyclo- 
ster (XIX, 
HC! 


rd 


; 


6S ¢ XVII, 18 POK 


ittelt und 


iktioniert 


XXI und 


He 
en 6 Stunden 
gcecden 


cisKkaliter 
Soda 


ocknet Nach dem 
Abdest 


tiomert destillert 
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Die vere rten Benzollésunge verden ber CaCl, 
Riicks Vak. fraktioniert destilliert. Sdpso: 122-124°, Ausbeute: d. Th.) 
Das Reaktionsprodukt « h dem IR-Spektrum bereits etwas ungesittigicn 
penten-( 1 nsé ler ul 3- Methyl-cycloy len)-propionsdu 
xX, XXI 1 bs. Benzol werden bis zur Beer 
br unter Riick ss zum Sieden Dauer ¢ 4 Stunden). Nach dem Erkalte 
iiber CaCl. ge knet. N dem Abde eren des Benzol: i das Produkt im Vak. 
destilliert. Farbloses Sdp.: 97-99”, Ausbeute: 54 g (9 Th.), UV-Absorption: Amax, = 227 as 
3.27, IR-Cart banden 1707 « ind 1735 cm"! 
(Nat C,,H,,O0 82.3) Ber. ¢ H, 9,96; Gef. 2.21; H, 10,25°%) 
N UV-Spel s de ungesittigien Ester 
| XIX i XX 
tae jure, %-(4-Methyl-cyclopenten-1)-yl) 
XX 11, es Cc ches | 
XIX, XX, 12 \ KOH len 6 Stunden lang er Ruckfluss 
\ \ 1) erw fer 
UV-A 3.3, IR- Nat C,H,,O 
UV-A IR-Carb mande 1675 C,H,,0 
{ 
j j wna (4 
\ XXVI »3 XXII, XXIII 
k Sicck N 1 das 
Val Der Riick 4 f skalte 
10. IR-C—C-Bande 1635 cm™ 
| XXV. XXXVI KK ‘ Nich 1 SOO Act nol werden im 
Stu en) 4 m kK Nock iff ert i 
das | Reaktions} kt i.Vak. fraktioniert destilliert. Sdp 
\ farblosen © Zugabe eines Impth es (Prof. M. Pavan) im 
K " cu Die K erck erm ius Petrolather 
| ‘ S V-ADsory 0 ov 1, IR- 
x 
71 Ww Hi () \iW 16s (ret. 4 im Hi AP 19.25 NIW 
lar R LA Sied Nach dem Erkalt verden 6¢ Natriun 
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bloses Oel, Sdp 82-83 , Ausbeute: 31 ¢ (82°. d. Th.), lt V-Absorption: / 


-mas 209.5 my, 
3.2. IR-Carbonylbande 735 cm~! (NaCl), 17 


36 cm~' (CS,), 1740 (CCI,), IR-C—=C- 
1657 (NaCl), 1655 (CS,), 1655 cm='! (CCI,). (C,,H,.O.: (180.2) Ber. C. 73.30: 
95: Gef. C. 73.34 
(2-Hydroxymethy )-isobuttersdure-lacton (XXX). 20g XXIX, g Raney—Nickel 
ind 500 cc Aethanol werden in einen Druckriihrautoklaven 
H.-Druck bis zur Druckkonstanz hy) 


Nickel abfiltriert 


gebracht. Es wit bei 95° und 100 
vdriert (Dauer et 3} Stunden) 


Anschliessend wird vom 
das Lésungsmittel abdestil 


und das Reaktionsprodukt i.Vak frak- 
19g (94%, d. Th.), UV-Absorption 
(CCI,) 2.3) Ber 
(XXXII) 


e (100 


destilliert. Farbloses Oel, Sdp 85 


210 mu d IR-Carbonylbande 


H. 9.96 ) MW 182.3 


CKI 


les KHSO 


(Nat Get, ¢ 


(XXXVI). 100 ¢ XXXV, 200 


KOH 
wirdin 1.51. Wa 

Die Aetherschicht w 
HC! versetzt, und mit 


petrocknel, de Aethe 
umkristallisiert. Blattchen, Schmp: 82 Aus 


nu, log 33, IR-Carbonylbande 1700 cm 
249: H. 9.96: O. Gef. C, 72,23 


>? 3.0.17 


= 
Fi 
2. 
‘ 
Rani 
tioniert de Aust 
72,49; Gel. C, 72,74; 
(2-H jiure-la 
ersa 12.5¢ Paraf naldehyd und 150 1.5) werden 6 Stunden 
lang er Riickfluss Sieden t. Nac Erk verden 10 Nat igegeben 
las Los Vak bade ert. D Riickstar wird igenommen, mit 
er Sod nd W er ge Nach dem Trockne Magnes lfat 
58-60 . Aushe 14 20 | UV-Ab 3 3 
IR-( bande 1735 NaCl), 1738 « (C,.H,,0.: (166.2) Ber. > 26: H. 8.49 
| XXXII 23 ¢ XXXII, 3 g Raney—Nicke 
H.-D k b Ansc er Rar Nicke ert 
: das Lésung Real Val estillic Farbloses 
Oel, Sdp 82°, Ausb Og (80°, d.7 UV-Absor] 2,1 
IR-Carbonylbande 1736 « Nat C,,H,,O.: (168.2) Ber. ¢ 1.39: H, 9,59: Gef. ¢ 1.07 
H 4 
cycloHeptanol-| -1 (XXXIV). 251 Brot yuttersduredthyleste 
o, Hep iT 7 eine St er n 4600) Be nte Ril en 
einer S ¢ erde Zinkspane N Be le 
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SYNTHESIS OF b- AND L-/SOIRIDOMYRMECIN 
AND RELATED COMPOUNDS 


G. I. Fray, R. H. JAEGER and Sir Ropert ROBINSON 
Laboratory, Shell Chemical ¢ ompany Ltd... Egham 


Abstract 


INSPECTION of the structur iridomyrmecin'* and related compounds*" isolated 
from different species of ant f tl renu lomyrmex suggested a biogenesis by 
disproportionation of the dial yde Ww h, known as iridodial, has been isolated 
from /. conifer and / rectus and actu onverted into iridomyrmecin, epimeric 
with (1) at the asterisked C-atom accordingly probable that iridodial 1s the 
biological precurs¢ 


Going back a stage further in the analysis it was evident that iridodial could be 


regarded as ised oxo-citronella > CMeCHO). the ring-formation 


being of a normal Michael reaction type as exemplified by the addition of phenyl- 


acetaldehy de to acrolein 


é-CH,CHO é*CH-CHO 
CH,—CH-CHO CH,°CH,-CHO 


Ihe oxidation itself was thought a plausible process in view of the activation of 
terminal methyl by the neighbouring double bond 

[he syntheses now described represent the realisation of this biogenetic scheme in 
the laboratory 

[he structure (1)+ proposed for iridomyrmecin,? and later for its epimer iso- 
iridomyrmecin*”” appears to be firmly established except that the configuration at the 
asterisked C-atom has not yet been defined. 


* U.K. Patent Application No. 18220/57 


The recently revised steric formulac*.” are used for this and related compounds 


' M. Pavan, Chim. e Industr. 37, 625 (1955) 
. R I usco R Trave and A Verce ione, CAim Industr 37, 251. 958 (1955) 
*G. W. K. Cavill, D. L. Ford and H. D. Locksley, Chem. & Ind. 465 (1956) Austr. J. Chem. 9, 288 (1956) 
* G. W. K. Cavill and H. D. Locksley, Austr. J. Chem. 10, 352 (1957) 
S. M. McElvain and E. J. Eisenbraun, J. Org. Chem. 22, 976 (1957) 
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The iridolactones* have been oxidised to two epimeric nepetalinic acids®* (II1) 
and thus are related to nepetalactone (IV), a constituent of catnip oil.°* In order to 
realise the above scheme of synthesis we started from the more readily accessible 


CHO ~ co 


IV 


p-citronellal. Its ethylene acetal (V)t+ was oxidised by means of selenium dioxide in 


ethanol to the 7/-unsaturated aldehyde (V1). There was no evidence of the formation 


of the isomeric ketone (VII). A similar oxidation could not be effected with citronellal 


diethyl acetal. the starting material being recovered virtually quantitatively After 


isolation of the product (V1) by means of the bisulphite addition compound its 


infra-red spectrum showed the characteristic stretching frequency of an aldehydic 
C—H bond at 3-70 uw and had bands at 5-92 and 6-10 uw for a conjugated carbonyl 


group and double bond, respectively. | urther evidence for the constitution of (VI) 


was provided by almost quantitative oxidation with alkaline silvet oxide to the 


corresponding acid (VIII) 


ul vil 


It was anticipated that acid hydrolvsis of the aldehydo—acetal (VI) would yield 


the aliphatic dialdehvde (1X). but examination of various conditions soon revealed 


that. in addition. the alicyclic dialdehyde (X) was formed in acid media Thus 


carefully controlled hydrolysis of the aldehydo-acetal (VI) with 50 per cent aqueous 
| 


acetic acid in an inert atmosphere consistently produced the two isomeric dialdehydes 


Ix x 


(IX) and (X) in approximately equal quantities; the products were readily separated 


by fractional distillation and their infra-red spectra were in agreement with the 
dehydes readily polymerised and also formed 


structures assigned to them. The two dia 
acidic material in contact with air. Hence they tended to give low carbon values on 


analysis 


* The term iridolactones is used to cover both iridomyrmecin and /soiridomyrmecin 
+ Formulae (V), (VI), (1X) and (X) are used for both b- and L-isomers 
®*S. M. McElvain and E. J. Eisenbraun, J. Amer. Chem. S 77, 1955 (1955) 
7 E. J. Eisenbraun and S. M. McElvain, J. Amer. Chem. Soc. 77, 3383 (1955) 
* R. B. Bates, E. J. Eisenbraun and S M. McElvain. J. Amer. Chem. Soc. 80, 3420 (1958) 


*S. M. McElvain, R. D. Bright and P. R. Johnson, J. Amer. Chem. Soc. 63, 1558 (1941); J. Meinwald, 
Ibid. 76, 4571 (1954) 
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The compounds (IX) and (X) were characterised as the bis-2:4-dinitrophenyl- 
hydrazones and bis-semicarbazones; the derivatives of the cyclic dialdehyde (X) had 
the same melting points as those reported for the corresponding derivatives of natural 
iridodial® and were undepressed on admixture with authentic samples, kindly provided 
by Dr. G. W. K. Cavill 

Attempts to increase the yield of the cyclic dial (X) at the expense of the aliphatic 
isomer (IX) by prolonging the treatment with aqueous acetic acid remained unsuccess- 
ful. We found, however, that cyclisation of the dialdehyde (IX) could be achieved by 
refluxing this substance with acetone containing some dilute hydrochloric acid; thus 
iridodial (X) was obtained in up to 50 per cent yield, but the remainder of the material 
polymerized under these conditions 

Contrary to expectations the aliphatic dialdehyde (1X) failed to cyclise in the 
presence of mild basic reagents (e.g. piperidine).'° Treatment with sodium methoxide 
in methanol and subsequent acidification produced a neutral, sweetly smelling liquid 
which analysed for the empirical formula C,,H,,O, and had a band in the carbonyl 
region at 5-76 uw, indicating that the substance was a 0-lactone. 

A portion of this material was oxidised with alkaline permanganate and the 
resulting mixture of acids was separated by means of their barium salts. The soluble 
salts furnished a di-basic acid, m.p. 142-143° [a]j, —16° which analysed for the 
empirical formula C,,H,,0, and formed a bis-p-bromphenacyl ester, m.p. 139°. We 
suspected this to be a nepetalinic acid but it did not correspond to any of the known 
nepetalinic acids and has not yet been further investigated. The di-basic acid regene- 
rated from the insoluble barium salt had m.p. 87-5-88-5°, [«]j; —40°, which indicated 
that it was the enantiomorph of the nepetalinic acid m.p. 85°, [x], +-30-2° © derived 


from nepetalactone and also known to arise from the oxidation of isoiridomyrmecin.*"4 
An equimolar mixture of the two optical isomers (a sample of the (-+-)-acid was kindly 
provided by Professor S. M. McElvain) melted, after crystallisation from ether light 
petroleum, at 126°5-127:5° and had no measurable rotation, thus confirming the 
stereochemical relationship of the two acids. It should be noted that the configura- 
tional relationship of nepetalactone to L-citronellal follows by way of L-pulegone and 
its degradation to (-+-)-x-methylglutaric acid.’ Hence it is clear that the iridodial and 
isoiridomyrmecin obtained from p-citronellal are in the same D- series and are 
enantiomorphs of the natural products 

Treatment of the dialdehyde (X) with warm aqueous alkali and lactonisation of 
the resulting 6-hydroxy acid by means of mineral acid gave a crystalline compound, 
m.p. 58°5-59", [x]j,’ +-56°, which formed a hydrazide, m.p. 118-119° and therefore 
must be D-isoiridomyrmecin (XI). Naturally occurring isoiridomyrmecin is reported 
to have m.p. 58-59", [a],, —62°, and its hydrazide to melt at 118 

The production of nepetalinic acids by oxidation of our synthetic lactonic mixture 
demonstrated that it contained substances possessing either or both of the bicyclic 


10H. Meerwein, J. pr. 97, 225 (1918); Ber. 53, 1829 (1920). 
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d-lactone structures (XII) and (XIII). Standard techniques failed to separate the 
mixture; eventually a quantity (20 per cent of the total weight) of crystalline lactone 
was isolated by a procedure known to separate isoiridomyrmecin from its stereo- 
isomers.* The beautifully crystalline substance was in every respect identical with the 
specimen of p-isoiridomyrmecin previously prepared from p-iridodial 

We examined several alleged sources of L-citronellol but were unable to acquire a 
supply of this substance or of L-citronellal which was adequately optically homo- 
geneous We are all the more greatly indebted to Mr. E. E. Boake for the provision of 
a quantity of L-citronellal, kindly prepared for us in the Research Laboratories of 
Messrs. A. Boake. Roberts & Co. Ltd. With this material the synthesis was repeated 
in the correct stereochemical series and gave as the end product L-isoiridomyrmecin, 
which was identical with the lactone isolated from /ridomyrmex nitidus. 
It must be emphasised that the L-citronellal put at our disposal was a partially 


terial; the infra-red spectrun showed that it was a mixture of approxi- 


synthetic ma 
mately 40 per cent - and 60 per cent /-citronellal, while the p-citronellal used by us 


existed exclusively in the $-form 
The x-form of L-citronellal, however, was apparently eliminated when reaction ol 


the aldehyde with ethylene glyco 


* together with a large amount ol polymer the acetal showed no 


| produced the c yclic acetal (V) in unexpectedly low 


yield (34 per cent), 


absorption at 11-25 uw (terminal methylene group) in its infra-red spectrum 


Thereafter the synthesis proceeded essent illv along the lines worked out in detail 
in the p-series. Owing to the limited amount of laevo-rotatory material available, 
fractio ‘ ation did t completely free the alicyclic dialdehyde (X) from the 
higher boil iliphatic isomer (IX), but the latter was obtained in pure form and 
characterised as t ):4 trophenyihydrazone. Both dialdehydes were converted 

the previously described methods into the same crystalline lactone. which was 
obtained in the form of very long, colourless p1 ;, m.p. 57-5--58°, undepressed on 
1dmix tic ak kind pplied by Dr. G W. K. Cavill), 
mixtul prep red by dissol lar amounts oO! D- and L-iso- 


lvent had been removed. 


oft a mixture 


of bot s( eric dialdehyd (IX) a d (X) was treat d ith a solution ofl dilute 
hydroc c acid wcetone under the conditions known to effect the ring closure 
(1X —» X) Distillation provided as the lowest boiling fraction a liquid whos« infra-red 
absorpt yectri was consistent with the structure (X). This substance formed a 
bis-2 :4-dinitropheny drazone, m.p. 228° (decomp.) which was dentical with the 
corresponding derivative of natural iridodial (undepressed mixed melting point). 
Cay ai.* To Gd the i! fra-red absorpt on due to the carbonyl group ol 
iridomyrmecin at 5-74 4 and that of isoiridomyrmecin at 5-69 yu (both spectra in 
carbon tetrachloride [The infra-red absorption spectra ol Nujol mulls of our 
synthetic L- ridomvrmecin (Fig. 1) and its enantiomorph were identical, each 
showing a carbonyl band at 5-76 uw. An authentic specimen of iridomyrmecin (for 
which we are greatly indebted to Professor M. Pavan) (rig 2) showed the carbony! 

frequency also at 5-76 u 
Mess! \. Boak Roberts and ( Ltd. x sasa co citror il containing less than 


* Roce 


a 
a 
a 
iridomvrmecin crystallised very slowly after most of the so 
and melted at 32-34 
a I to obt le of pure L-iridodial (X) a small quantity =m 
= 
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Bio-assays* demonstrated that there is no difference in the insecticidal activity of 
natural iridomyrmecin and the two epimeric synthetic iridolactones, within the limits 
of the experimental method. 


EXPERIMENTAI 


24 hr 
shed with 


aqucous sodium hyacrogen ci ite, i \ iz 16° /O-2 


mm (32-6 g) was stirred for 6 hr with ition im sulphite hepta it id sodium 


* We are grat to Shel rc rhitk tests Woodstock gricultural Research 
entre 
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4 When cold it was filtered, the solvent removed in va nd the residue dissolved in ethe 
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with ether The ice cold 


hydrogen carbona 
solution (ca. 450 cc) and 


AQgucou 


Joc) and 10 per cent 


ment 
ope vi} 


with the previously prepar 


™ )-iso/ridomyrmecin (X1) 


dehyde (X%). (7-1 g) was 


n (100 cc) under nits 1. Undissolved material 


(a) From the alicyclic dia 


warmed for | hr with N-sodmum hydroxide solutio 
cooled in ice and cau y acidified with § N-hydrochloric 


was cxtracted wil 
briefly washed with ice-cold ether, suspended 


was collected 
The organic layer was washed with aqueous sodium 


¢ partly solidified at room temp; 


acid (20 cc) The colourless pitate 
in ether and shaken with § N-hydrochloric acid 
hydrogen carbonate and water iried and evaporated 
repeated crystallisations from light petroleum yielded p-isoiridomyrmecin as elongated prisms (1-03 g) 
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m.p. 58°5-S9", + 56 (c, 1-41 in CCI,) (Found: C, 71-8; H, CyoH,¢O, requires: C, 71-4; 


H, 9-5°.). The infra-red absorption spectrum showed the carbonyl frequency at 5-76 


(b) From the aliphatic dialdehyde (1X) by Michael condensation Anhydrous methanol (50 cc) was 


added at room temp to D-2:6-dimethyloct 2-en-1 :8-dial (11 ¢) under nitrogen, followed by 10 per cent 


methanolic sodium methoxide (5 cc). After 16 hr at room temp the brownish solution was refluxed 


in an ice bath, acidified 


for & hr and finally left to cool over night The solution was then c 


with d te hvdrochioric acid poured nto brine and thoroughly extracted th ether The acidic 
organic extract was kept for 3-5 hi (to complete lactonisation), freed from acidic matter by means of 
aqueous sodium hydrogen carbonate, washed and dried. Evaporation of the solvent left a brown, 
mob quid (10-3 g) which had a pungent, sweet odour and gave on distillation as the main fraction 
a colourless liquid (4°85 ¢g), b.p. 87-90 /0-2 mm | 39° (c, 1-048 in CCI,) (Found: C, 71-4; H, 
9-5. H,,.O,. requires ( 1-4 H, ) The infra-red spectrum showed i band in the carbonyl 


crystallise and was evidently a mixture of 


4 portion of this mixture (1-9 2) was dissolved in warm 2 N potassium hydroxide solution 


(26 cx hilled in ice and 50 per cent aqueous acetic acid (21 cc) was added dropwise with swirling 
(cl ef. 4) The colourles precipitate was lactonised as descr bed in section (a) and the resulting 
solid recrystallised twice f *ht petroleum to yield the lactone (XI), m.p. 58—59°, which was 
identica ith the pre ousiyv prepared specimer The / ira crysta sed fror benzene and had 


O.N, requires: C, 60-0; H, 10-0; N, 


treat mith hud 


The f © and snr | n the above crysta ne barium salt were treated w 1 nydrochioric 


acid and ected ethe The « residue ec tallised three 
times f ethe p acid p. 142-143 16° (c, 1-00 


H,,O, 


thylene glycol (22 cc), benzene 00 cc) and 


toluene-p-sulphonic ac pproximately 30 mg) was reacted as described for the prep on of the 


corresponding enantiomorp! I chionation vielded the cyclic acetal as a colouriess liquid (20 


b.p. 120-125 °/18 mm, | (Found: 72°9; H, 11-0. C,,H,..O, requires: C, 72°8; H, 11-1%) 


L( — )-2:6- Dimethyl-8 :8-ethylenedioxyoct-2-en-\-al (V1) 


The above acetal (20 g), dissolved in ethanol (35 cc), was oxidised with a solution of selenium 


dioxide (11-4 g) in ethanol (70 cc), and the fraction, b.p. 108-114°/0-25 mm (12°5 g) stirred for 6 hr 


with a solution of sodium heptahydrate (47 g) and sodium hydrogen carbonate (27 g) in water (270 cc), 


followed by treatment with dilute sodium hydroxide solution (125 cc): the conditions were those 


employed for the preparation of the corresponding optical isomer The aldehyde was thus obtained 


as a colourless oil (10 g), b.p. 88-90°/0'1 mm, §-45° (Found: C, 67:6; H, 


requires: C, 67-9; H, 


223 
oe. 
| 
Vie reg This material could not be induced 
bicvcl | tones 
m 118-119" (Found: ¢ SiH 102, N13. 
140°.) 
es ie Oxidation of the mixtu fla nes obtained from the Michael reaction 
4, fe Potas m perm vanate > g) was added in small portions during 2} hr to a stirred solution of % 
ae nl the oil, b.p. 87-90°/0-2 +42) in 5 per cent sod ydroxide soluti« 40 cc), the temp being 
g 
ret — kept below 10 Atte i om temp c gl e reaction mix e was ere ndissolved 
material extracted ethe nd the aqueous eated with a concentrat olution of barium 
, 
Pate Se hydroxide in wate The ac berated fro he crystalline salt was recryst ed twice from light 
“ee petroleum and was a D ) alinic acid m.p. 87°5—88-5 40° (c, 1-44 in CHCI,) (Found: C, 
60-3 H, &§0. C,.H,.O, req es: C, 60-0; H, 80 4 specimen of its enantiomorph, kindly 
: provided by Professor S. M. McElvair p. 84-85 30-2 2-45 in CHCl). An 
equ xture of the cl phous ac s cryst ed from ethe rht petroleum to ; 
acemi« lis a p. 126°5-127-5 0 Found: C, 60-2: H, 8-1. C,,H,,O, 
require C, 60-0; H, 
in CHCI,) which analysed correctly for a nepetalinic acid. (Fou C, 02; H, 80. C, i 
requires ( 60-0 H, &0 Its Dbis-p-bi nenac\ ster crystallised f ethanol as needles, 
m.p. 138-5—139-S° (Found: C, 52:5; H, 43: Br, 27-1. C..H.,O,Br. requires: C, 52°6; H, 4-4: 
Br. 269 
4 mixture of L-citronellal, [x], —10°5° (473 
; 
4 
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Hydrolysis of 2 th 8-ethyle nedioxvoct 2-en-1-al 
in aqueous acetic acid (100 cc of 50°.) was refluxed (oil 


ly described in t p-series. Fractionation 


bath) under nitrogen for 2 hr and d j 
d m (2 whose infra-red 


A solution of the above con px 


of the reactio paic 
spectrum showed that ist ly of 2-forn ethyleyclopentyl)-propional (X) 
havis at ‘ y al 7 im \ at 5-92 and 
6 10 hat oft lel taminatl ict (b) a colourless 

i \ with t ucture olf 


pure 
ec illised from 


H,9 
i need n 49° 46: N 


experiment 


etroleum, but 


which had 


: 
. 
20-2. C..H.,.O.N, requires: C, 500; H, 45; N, 212°.) 
; (2-formyl-3 
t! 228 
<s). 2 H 4 N WOON ( N, 2] ) 
xX) 7 bove frac b.p. 70-72 /O-15 
ad fed with 
rihed the » 
UY CCi,); the meiting 
K C, 71-7; H, 92 
ler t tol senantio 
re ( H ed spex cal \ hat of enanti 
m 4 
(b) / (AN) Michael « lensatior 4 solution of the phatic : 
di e cate 10 per ce ethanolic sodium 
in the p-serie The re ct wit {—) rick yrmecit 
An f ecin failed to crystallise from light 
after s of the solvent long thread-like crystals were obtained, m.p. 32-34’, 
no measurabdk 
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SYNTHESES WITH PYRIMIDINE-LITHIUM COMPOUNDS** 
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Abstract. The ncipl wf the } aration, reactivit gar thium compounds is 
ine- 


and 


1dine 


THERE are several difficulties encounter ‘mpting to use in synthesis lithium 
derivative ycil indas ilainings 7roup ce the use 
oO] organolith un ] ( n tn | | \ ipl bonds 


arbon an ne us int n at re Leoemperatu OFgzano- 


con poul ds ; Vel a hine I iv bu ly aromatic 


lithium pyridyls the compou a butyllithium by 


halogen- im exchange atures 45 at which the rate the 
azomethine addition 


4 lL, 
4:5-dimetl 


lithium derivatives ca 
appears to be less reactive 

In pyrimidines, the azomethi inkages are meta to each other and the carbon 
atoms adjacent to nitrogen are thet re particularly ptible to nucleophilic attack. 


This is seen when one *s the reaction of organolithium con ul th v- and 


-picoline type derivatives an ith methylpyrimidines ri Picolines 


in the methyl group; for example, witl pher 


2-pyridylmethyllithium On the other hand, py imidines 


analogous (2, 4 or 6) position usually react by addition. as in the follow Kal 


Ph 


Pyrimidines would be expected to polymerise in attempted preparations of lithium 


derivatives, although the use of sufficiently low temperatures may minimise this, as 


* This paper was presented in part, at the I13Ist Nation: seting of th merican Chemical Society, 
Miami, Fla., April (1957); and at the XVIth Internationa ng f Pure and App l emistry, Paris, 
July (1957) 

t This work was supported by a grant from the National Cancer Institute iblic Health Service 


* Present address University Chemical Laboratory, Lensfield Road, Camb 
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Carries vith compour cor ac ens D adval it eactivity 
of lithtum-carbon bonds, and this ts illustrated tn a synthesis of thymidine from 5-bromodeoxyur 
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was shown by Langley,’ for example, in a synthesis of orotic acid-C“O,H from 


4-bromo-2:6-diethoxypyrimidine by halogen-lithium exchange and reaction with 
carbon dioxide. 

A very interesting point, not previously discussed, is that pyrimidine-lithium 
compounds have a pronounced orange colour. This can perhaps be explained by 
analogy with the spectrum of pyridine, which shows in addition to the bands present 
in benzene, a band due to an nm —> = transition (the lone pair of electrons on nitrogen 
shifting to an anti-bonding orbital). In acid solution, of course, this band disappears 
In the dimethoxy-pyrimidine-lithium compound, the electrons of the ¢ Li bond will 
be almost entirely localised on the C atom and easily excited, so that the colour may 
be ascribed to a o —> =z transition. If so, replacement of the methoxyl groups in the 
ring by more electronegative groups should shift the absorption to longer wave- 
lengths.* 

New evidence on the mechanism of the halogen-metal exchange reaction, by which 
heterocyclic compounds are usually prepared, has been recently presented and 
discussed.* and is consistent with the idea that the exchange takes place via an addition 
complex and without any change in the configuration of the carbon atom at which 
reaction takes place 

The work to be described depends on two reactions, halogen-metal exchange (1), 
and the coupling reaction in which the organic radicals join and the lithium halide 


is formed (2) 


Reaction (1), where X H, depends on the relative acidities of RH and R'H; the 
initial reaction appears to be the nucleophilic attack on hydrogen (of RH) by the 
anion (R’~) of the reagent.°"° When X halogen, the reaction is an equilibration 
between the lithium salts of the two weak acids, RH and R’‘H, and therefore largely 
depends on the relative stabilities of R~ and R Pyrimidine-lithium compounds are 
therefore readily formed by reaction (1) 

Reaction (2) depends mainly on the nature of the halogen. The reaction 1s 
negligible when X Cl, and in general iodides have to be used, as in the present 
work 

Irhymine has now been synthesised employing these basic reactions by the con- 
version of 5-bromo-2:4-dimethoxypyrimidine to the lithium derivative, reaction with 


methyl iodide, and hydrolysis 


* The author thanks Prof. H. ¢ Longuet-Higgins f ad us n of this point 
7 B. W. Langley, J. Amer. Chem. Soc. 78, 2136 (1956) 
* G. Wittig and U. Schollkopf, Tetrahedron 3, 93 (1958) 
* D. Bryce-Smith, J. Chem. Soc. 1079 (1954 
‘* D. Bryce-Smith, V. Gold and D. P. N. Satchell, J. Chem. Soc. 2473 (1954) 


ag 
RI R xX (1) 
4 
RX + R'Li 
Sr 
N ')Me HN 
; 
fat 
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However, paper chromatography showed that the product was contaminated by 
uracil, formed by reaction of water with pyrimidine-lithium compound which had 
not reacted with methyl iodide: 


N 
By carbonation before treating the reaction mixture with water, the formation of 
uracil was much reduced; any uracil-5 carboxylic acid formed is easily separated 
from thymine. Thymine-C™H,, for which this synthesis was designed, was prepared 
in 40 per cent yield from C™H,I. Previously, methyl-labelled thymine was only 
available from a five-step synthesis, with a yield of purified material of 6-4 per cent." 
From the same pyrimidine-lithium intermediate and ethyl iodide, 5-ethyluracil, 
otherwise not readily available, has been synthesised, and seems to merit biological 
testing as an analogue of thymine 
In order that very pure thymine could be prepared by this method, the separation 
of appreciable quantities of thymine and uracil was investigated. The method of 


Cohn" was found to give almost no separation, but when Dowex-1-chloride was used 
and elution begun with an ammonium hydroxide-ammonium chloride solution of 
high pH, uracil was eluted. After changing to ammonium chloride as eluant, pure 
thymine was obtained 

An unexpected finding was that the yield in the above type of reaction depended 
on the method of preparation of the butyl-lithium used (although in all cases this was 
estimated by double titration). The yield was higher when butyllithium was prepared 


from butyl chloride* than when it was prepared from butyl bromide. One possible 


explanation is that there is unreacted butyl bromide present, furthering a reaction of 


type (2) 

Pyrim. Li BuBr —> Pyrim. Bu LiBr 
which in any case must occur to some extent, since butyl bromide is a product of 
reaction (1) 

Pyrim. Br BuLi — Pyrim. Li BuBr 

However, the principal side-reaction—perhaps, in fact, the major reaction—ts the 

formation of polymeric compounds by the addition of the py rimidine-lithium com- 
pound across an azomethine linkage in another molecule: 


Me 


Me 


These reactions are very sensitive to traces of impurity. In the case of the lithium 


* Sometimes this reaction fails completely, an observation also made by other investigators, though not 
recorded in the literature. Invariably the lithium metal was responsible 


1! R. B. Henderson, R. M. Fink, and K. Fink, J. Amer. Chem. Soc. 77, 6381 (1955) 
12 W. E. Cohn, Science 109, 377 (1949). 
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alkenyls,"*™ the important factor was the purity of the halide from which they were 


prepared. In the present instance, the purity of the halide (e.g. methyl iodide) used 


in the subsequent coupling reactions seems to be more important. Whereas Grignard 
reactions are catalysed by traces of iodine, the use of impure methyl iodide containing 
iodine greatly reduces the yield with pyrimidine-lithium compounds. (Radioactive 
methyl iodide decomposes very quickly, and should be supplied and used dissolved in 
an inert anhydrous solvent.) It was observed that iodine catalyses the formation of 
polymeric products from butyllithium in ether, and it seems to have a similar effect 
on pyrimidine-lithium compounds 

In the reactions so far described, alkoxypyrimidines have been used, with later 
hydrolysis to yield the products with active hydrogen atoms But these reactions can 
be carried out without protecting the active hydrogens 1 1g, as was first shown 


by Chang and Ulbricht n the case of 5-bromo-6-azauracil (1) 


n. probably the first 

(Some reactions 
one active hvdrogen 
! 


converted to uracil, 


ra-viol spectra 


q 

4 
a _ LIN HN 
N ae N HCL N 
N N N 
17 
6-Azauracil (111) was obtained in per cent yield in this reacts 
employ cl diate ul! e than two lithium at 
nav y bee carried if COMpPOU as co 
ator ¢ ) ti nourac Ca he 
or to t paper chromat ind ul 
-bi deoxyuridine has been studied with a 
view tod al od preparation of ¢ abdelied thymidine, « crwisc 
only avatiabDie Dy ¢ tic synt 
N 
> N > N 
‘ ~ 
The 1 agimiculty | synti $18 that it is a heterogencous reactior The 
tetra-lithiu termediate (1\ nsoluble in tetrahydrofuran (as is trilithium uracil) 
and also rs t ' ch can be used [for t ; reaction (ether, dioxan ether. 

described, including the trilithiumazauracil (Il), are soluble. Chromatography of the 

P. K. imer. Soc. 80, 
’M. Fried iD. R Che 207, 257 (1954) 
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products showed the presence of considerable quantities of deoxyuridine and of unre- 
acted 5-bromodeoxyuridine in addition to thymidine, and very little material having 
the properties of a compound containing N*-methyl or O-methyl groups. The yield 
of thymidine was therefore essentially limited by (1) incomplete halogen-lithium 
exchange, and (2) incomplete reaction with methyl iodide, but nevertheless it appeared 
that at the temperature of the reaction a real distinction between the reactivity of 
lithium-carbon bonds as against that of lithium-nitrogen and lithium-oxygen bonds 
had been achieved. This is presumably due to the high nucleophilicity of a carbon 
atom having an appreciable negative charge. 

Tetrahydrofuran proved to be the best solvent for this reaction. Formation of 
deoxyuridine was reduced by carbonation after allowing time for the methyl iodide to 
react, but could not be avoided completely. Various methods were tried for the 
separation of deoxyuridine and thymidine on ion-exchange columns, including 
gradient elution with formate and phosphate buffers on Dowex-l-formate, but 
satisfactory separation was not achieved. The purification was carried out in three 
stages: (1) removal of salts by washing on Dowex-l-formate; (2) separation from 
deoxyuridine, 5-bromodeoxyuridine, 5-carboxydeoxyuridine and other impurities by 
paper chromatography using the ethyl acetate-phosphate buffer system ;"* and (3) final 
chromatography to remove impurities from the paper and salts, on Dowex-1-formate. 

[he yield of thymidine, whose purity was also checked by biological assay, was 
10 per cent. For a reaction of this type, this seemed satisfactory. A lower yield was 
obtained in one synthesis using C'-methyl iodide. The conditions of this reaction 
were somewhat different. The radioactive methyl iodide was not supplied in solution 
and had partially decomposed, and the reaction had to be run on a larger scale 
without opportunity of a cold run. In a heterogeneous reaction, this may well affect 


the yield. On the scale originally used, with pure methyl iodide, the yield is re- 


producible, and this represents a convenient chemical method for the synthesis of 


thymidine-C™H 

It is possible that the methods described in this paper could be used to synthesise 
pyrimidine (or other heterocyclic) C-glycosides from suitable lithium intermediates 
and glycosyl halides. The feasibility of such a method would depend on the relative 


reactivities of the halogen and the ester groups in the glycosyl! halide at the low 


temperature of the reaction 


EXPERIMENTAL* 


Solvents and reagents. Ether and tetrahydrofuran were distilled from lithium aluminium hydride, 
using a Vigreaux column. n-Butyl bromide and n-buty] cl de were dried for 30 min over phosphorus 
pentoxide, decanted and distilled. Methyl and ethy x<dide were freshly distilled 

n-Butyllithium was prepared from n-butyl bromide r from n-butyl chloride In the latter case, 


butyvilithtum was 


freshly-pr 


1 by uble tit 


estimatec 
Thymine, using butyllithium prepared from butyl bromide An ethereal solution of butyllithium 


4d methoxypy! midine** 


215, 809 (1955) 


1” H. Gilman, J. A. Beel, C. G. Branner, M. W. Bullock, G. E. Dunn and L. S. Miller, J. Amer. Chem. Soc. 
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21 H. Gilman and A. H. Haubein, J. Amer. Chem. Soc. 66, 1515 (1944) 
= G. E. Hilbert and E. F. Jansen, J. Amer. Chem. S 56, 134 (1934) 
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* Melting points are uncorrected. Analysis by Huffman Microanalytical Laboratories, Wheatridge, 
Colorad 
W. H. Prusoff, J. Biol. Chem. 
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excess di ad a emoved, 

th ether, 


After 


o the 
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was added, 
1 and the 
ait 
blown ont« \ ofruran Amn Wu roxide solution was added 
(pH 11, 30 mil) and put on Vv ' t lumn (10 2 h was successively cluted 
with ammoniut le ( mil ater mi). 0-001 N formic acid (200 mil) and finally 
0-02 N formic acid i } il at al density at 260 mua and the pyrimidine nucico- 
sides began to come off the co ni Vv 02 N formic acid The solution con- 


taining the nucleosides was lyoy ised. the residue dissolved in a little water and put on three 30-inch 


sheets of Whatman No. 3 paper and run in ethyl acetate-phosphate buffer for 6 hr. The thymididne 


+ Uracil-$-carboxylic acid does not sublime or decarboxylate under these conditions 


* DPD. Shugar and J. J. Fox, Biochim. Biophys. Acta 9, 199 (1952 
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areas were cut out, cut into small pieces, and extracted in a mixing blender with ammonium hydroxide 


(pH 11, 2 200 ml). The filtered solution was put on a Dowex-1l-formate column and eluted with 


water and formic acid as before, to give 365 mi of solution with a maximum optical density of 1-37 


at 267 m This represents a yield of 10 3 The product had the right U\ spectrum, max/min 
267/235 acid, 267/245 n base, and in five solvent systems (butanol—water, butanol—-ammonia, 
isopropanol-—hydrocl icid, isopropanol-ammonia, ethyl acetate-phosphate buffer) gave a single 


(Streptococcus faecalis) indicated a purity of at least 90 per cent 


spot, with the same Re» as a sample of authentic thymidine run concurrently. Biological assay 
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ETUDES CINETIOQUES DES REACTIONS DE SOLVOLYSE 
DE CHLORURES D’s-PHENYLETHYLE SUBSTITUES 
EQUATIONS DE HAMMETT, WINSTEIN-GRONWALD ET TOMMILA 


MECHELYNCK-DAVID et P. . FIERENS* 


Abstract T! 


subs 


INTRODUCTION 


Differentes 


Griinwald et Tom: 1. qui ont fa depuis leu! blication, objet de nombreuses 


études critiques 


Le but de ce tri nsiste a étudier ; ide des equations enoncees par ces 


auteurs, les roles res] u solvant et de la v: tion de densite electronique au 
m 


cours des reactions néecanisme mono- 


moléculaire limite 
Ingold et plusieurs auteurs ont montre que le chlorure d’z-phenylethyle reagit par 


un mécanisme S,1, méme lorsque le pouvon nucleophile du solvant n'est pas 


négligeable. C’est pourquoi nous avons choisi d’étudier les vitesses de solvolyse de ce 


dérivé substitué par l'un des groupes suivants: p-4 H., m-CH,, p-Cl, m-Cl, p-F ou 
m-CH.. dans les solvants suivants 
20-5 dioxanne 79-5 
eau 49-3 dioxanne 50-7 
eau 66 dioxanne 33-33 
eau 5-3 dioxanne 25-8 acide formique 69-7 
eau 6 dioxanne 39-8 acide formique 54°] 


eau 5: dioxanne 60-2 acide formique 34-0 


A. Relation de Winstein—Griinwald 
Winstein et Griinwald, tentant de relier entre elles les vitesses de solvolyse mono- 
moléculaire d'un produit dans différents milicux, ont propose en 1948 l’equation bien 
connue: 
log k/ky =m) (1) 
* Adresse actuelle: Université Officielle du Congo Belge et du Ruanda—Urundi (Elisabethville) 


: 
: 
L'niversité Libre de Bruxelles (Beleigue)-Faculté des Sciences 
Sec ce de Cl e Organique 
R 16 November 1958) 
k inc f the of m-CH,, p-CH,, m-OCH,, p-Cl, m-Cl and 
19 
Corre 
and | 
salisées au 
Winstein 
: 


Etudes cinétiques des réactions de solvolyse de chlorures d’«-phenylethyle substitués 


ou k constante de vitesse a une température donnée de la solvolyse d’un composé 


determine; k, = constante de vitesse de ce dérivé dans un milieu de référence; 
m un parametre; } le pouvoir ionisant du solvant 

lous les parametres intervenant dans cette équation sont calculés 4 la méme 
temperature, habituellement 25 Winstein et Griinwald ont vérifié premiere 
approximation la relation (1) pour une serie de dérives organiques engagés dans des 
reactions de substitution monomoleculaire.'* Ils ont montre de plus qu lorsque la 


reaction nest pas S,1, la relation (1) n’est pas verifiée 


Bases de la relation de Winstein—Griinwald 
En vue d’explique: 
Wilputte ef al 
No 
dans deux 
suppose que 
(2) 


ou AF,* est lénergie libri idependante du milieu f fonction des proprietes 


ionisantes et electrophiles du solvant: onstant iracteristique de lhalogénure, 


on en deduit que 


L*equation (3) est expression generale de la relation de Winstein—-Griinwald. 
L’examen des approximations de base (2) permet de justifier ais¢ment les écarts 
observes. En effet, le second terme rend compte de l’action du solvant sous forme 
d’un produit de deux facteurs dont l'un ne depend que du solvant et dont l’autre ne 
dépend que du produit. Les résultats obtenus semblent montrer que ces approxi- 


mations ne se justifient que lorsque les deux produits A et B sont de structure trés 


voisine Ou encore lorsque 


Domaine d@’applicabilité de la relation de Winstein-Griinwald 


Rappelons bri¢vement les conclusions auxquelles ont abouti les travaux 


antérieurs :* 

|. La relation de Winstein parait ne se verifier exactement que lorsque le derive 
étudié et le dérivé de référence ont des structures trés voisines 

2. La verification exacte de la relation de Winstein dans une grande variete de 
solvants est un critére de mécanisme S,1. Les écarts a la droite sont fonction de 
action nucleophile du solvant. 

3. La réciproque n’est pas vraie 

4. Dans le cas de mécanismes non limites, pour des derives voisins, on obtient 


1S. Winstein et E. Griinwald, J. Amer. Chem. So , 846 (1948) 

2S. Winstein, E. Griinwald et W. Jones, J hem x. 73, 2700 (1951) 

> Mme Wilputte-Steinert et P. | ierens ull. Se hi lg. 64, 277 (1955) 

* Mme Wilputte-Steinert et P. . erens, ) 7 elg " (1955) 
Mme Wilputte-Steinert et P ns d him le. 64, 299 (1955) 

> Mme Wilputte-Steinert et P ierer E on him g. 64, 308 (1955) 
Mme Wilputte-Steinert, P Fierens et annaert, Bu oc. Chim. Bele 
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une droite de Winstein lorsqu’on se borne a "étude de solvants dont seules varient 


les proportions en les différents constituants 


B. Relation de Hammett 


mmett. reliant la réactivité de la chaine latérale Y d'un dérivé R-Ph-Y 4a la 


Hammett, 


nature du substituant R noyau benzenique a propose équation suivante 


(4) 


log 


la nature du substituant et ¢ 


t non sub- 


substitues ¢ 


la température 


uu 


Hudson 


e d’un derive 
concentration 


ordre de la reaction 


solvatant le complexe 


spond un type de mécanisme réactionnel 


Fierens et Berkowitch™ 


parametre caracteristique de 


a le maximum de chances de se réaliser et que la constance de n 


n'est pas une condition nécessaire 4 l’existence d’°un mecanisme constant 


D Relation entre les équations de Hammett et de Winstein Griinwald' 


Fierens a montre qu'il existe en principe une relation générale entre les vitesses de 


solvolyse de différents produits dans différents milieux. Soit la relation de Winstein 


écrite sous la forme 
log k 


log k 
log Ky log Ke 


m4 (6) 


*L. Hammett, Physical Organic Chem McGraw-Hill, New York (1940) 
*H. H. Jaffe, Chen 
a | Tommila. E. M kainen et A Voipio 


1 —D. H. Brown et R. F. Hudson, J. Chem. Sox 
12 pj. C. Fierens et J. Berkowitch, Tetrahedron 1, 129 (1957) 


53. 191 (1953) 
inn. Acad. Sci. Fenn A n° 65 (1955). 


3352 (1953) 


= 
ae: ou vitesse spécifique d'un derive substitue en meta ou para pour unc temperature 
oe donn constante de vitesse correspondant au dérivé non substitue dans le ’ 
méme milieu: o parametre ne dépendant que dc sa 
position defini par [expression 
stitué: o — paramétre dépendant de la réaction, du solvant et de 
mais lependant de la nature Gu suDsl int 
Cette 1 tion a fait lobiet de nombreuses ectudes, dont latle a presente une revuc 
critique ¢ 993 
— 
Cette relation relie les vitesses de des del es organigues dans dilterents 
solvantsS. SOIt ecan e react nel Elle fut suggéree Tommila pal 
— organique dans un solvant xte dont un seul constituant est actil; 
en moles/litre du constituant actif dans le solvant mixte; 2 = 
aa par rapport au solvant 
oa transitoire. A ce nombre de molécules corre [ies 
og et toute variation de m implique une variation de mecanis Pe 
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ou A dérivé étudié: x solvant variable: solvant de référence: O = dérivé 
de référence. 
La relation de Hammett peut s’exprimer: 


log k x log 


log k x log 


ou a est le solvant étudi¢é; XY = le produit variable 
L’expression générale de (6) et (7) est une relation dont la forme analytique est 
celle d'un paraboloide hyperbolique dans un systeme d’axes rectangulaires: 


log A \ x(log \ log ky, log A log 


(log k, log k,, (log k,, log k,,) + logk,, (8) 


On peut facilement retrouver les équations de Winstein—Griinwald et Hammett a 


partir de (8) si l'on pose 


“(log k ,, — log k,, (9) 


4 (log A 


log k,,) (10) 


0 et le paraboloide se reduit a un plan dont l’equation est 


(log k, log k,, (log , log k,,) + log k, 


PARTIE EXPERIMENTALI 


ymeérisables et 
est trop proche 
wres lant wer 


considerauio! nous ont an 


de cal in st a barbotage sndant environ un maine Dans ces 


conditions, la chloruration complete et il ut ble pourcentage de polymére aisément séparable 
pal distillation a u lormel Apres | ? n t de k olution enzéenique sur sulfate de 
magneésium, l’acide ch! rique est soigneusement éliminé a la trompe a eau en evitant les traces 
dhumidité grace a des wes a chiorul f I > chlorure es nsuite < lie sur courte 


colonne, sous pression | ite d’azote et sur hydroquinone. II est conserve ¢ t a lobscurite 


B. Synthése des produits étudiés 


1. Chlorure d’ hlorophényl) éthyle 

L’«-(p-chlorophényl!) ethanol a été prepare par réaction de Grignard* sur le p-chloro-benzaldeé- 
hyde distillé et recristallisé. Le chlorure correspondant a été obtenu par la méthode générale décrite 
en A: 1:5450 Ty 65°/0-5 mm 


2. Chlorure d’a-(m-méthoxyphényl) éthyle 


La réduction de m-nitrobenzaldéhyde par le chlorure stanneux en présence d’acide chlorhydrique 


permet d’obtenir le comvlexe stannique du m-aminobenzaldéhyde.“* Son sel de diazonium est 
hydrolysé par l'eau a l’ébullition."’ Le m-hydroxybenzaldéhyde ainsi obtenu est méthylé au moyen 
ol | \. Brooks, J. Amer. Chem. Soc. 66, 1295 (1944) 

i Oreank Syvathesis Col Vol lil, p 453 John Wiley, New York (1955) 


. 
‘ 
Sak 
Po ( / ) 
¥ 
y= 
4 
log k (11) 
i: A. Chloruration et Purification des Produits 
Les chlorut 
hyd Olys ibles 
de cc le uc alc 
reduite me nes a realiser la chioruration des aicoois de la maniere 
suivante 
lolol, 
- 
‘ 
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‘ 
a 
3. Chioru p-fluorophe 
i fy 5 
Nous ns obte luoroacétophénone par réaction de Friedel-Crafts sur 
‘ Cett M Pondortl 
— 
430-5 $044: t ( ( Iculé 
e le ce 
weg 
4 
‘ 
Merch 
1) 
et ‘ terme est Lic : 
‘ ( H¢ ( cux 
( \ iil 4. Jj Wile N 
‘oO \ New York 44 
Jf Chem. ‘ 14 

3. ix H.u naert, B Chim. Bele. 64, 191 C1955 
IT hes U.L.B. (1954 
J. Van Rijsselberghe, These ctorat U.L.B. (1954) 

Steinert, Thés« loctorat U.L.B. (1954) 

— 


con farite a vile Spe ‘ ijid 
mnomoleculaires, les constantes de vitesse ont ete determinees par equation 


(12) 
HC! a 


equation 


DISCI 


\. Relation d 


SSION 


Winstein—Griinwald 


Fierens’ a montré que la relation de Winstein—Griinwald appliquee 


dia solvolyse 
du chlorure d’z-phenyleéthyle, en employant le chlorure de butyle tertiaire comme 
dérive de référence, est loin d’étre vérifiée exactement 


S. Huybrechts, Bu 
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u “ 
2. Détermination des 
Les reactions état 
entra nalogenure exprimee en moles’ litre concentration en 
ee a a chag ut stant au co de la reaction; f temps expr e en secondes 
qu oie ia etnode a ia § te pou es ricnes en eau. 
= pe ell uc cu CUrire 
2-303 ( 
| log (13) 
( ( 
ou ¢ de ( 
Lit 
type Halle K H 
i j / oO 
: 
6-00 
61 
» 
PZ og PZ } 
Fa D Ac. f 
0-5 
+3 0-1 0-09 39 
1-9] 0-04 1()- 38 ()-()3 5.49 
§.2 69-7 0-04 17-69 0-03 3-94 
: 
4. Halleux, P. Kruys ct Soc, Chim. Bi 64, 191 (1955) 
4 
a 
29 
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3. SOLVOLYSES DU CHLORURE D ETHYLE 


— 
Solvant 
og PZ log PZ) log A 
kcal/mole 
bau Dioxanne Ac. form 
49-3 sO 0-0 0-04 613 
66°6 0-01 Ox 0-05 
i 
\ 
PZ PZ) log / 
| 
Lau 
~).< 0-0 0-10 4-61 
44 » 75 10-68 0-0? +80 
TABLEA f YVOLYSES I cH MURE D D-FLUOROPHENYL) ETHYL 
Solvant 
i 
if) oe PZ (loge oe 
Dioxanne Ac. torn 
20-5 217 003 | 002 5-82 
5-8 60-? 14-0 21-31 0-02 10-48 0-0! 5-14 
61 39-8 21-93 0-03 12-04 0-02 4-03 
§-3 25-8 69-7 0-03 13-09 0-02 3-3] 
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TABLEAU 7 SOLVOLYSES DU CHLORURI p-CHLOROPHENYL) ETHYLI 


10 


(mole/litre) 


cat 
: Vilieu 4 dioxanne 60-2 


adioxanne 
m 54° 


I 
rigoureuse exig 
deux produits que l’on compare 
Winstein, correspondant aux dé 
substitue comme substa 
graphiques montre que 
(a) les ecarts aux droites les plus probables obtenues sont trés faibles pour les 


dérives p-Cl, m-Cl et p-F substitués (Figs. 1. 4 et 6) 


(b) pour les substituants m-OCH, et m-CH, (Figs. 2 et 3), les graphiques de 


Winstein sont constitués par deux droites trés voisines, chacune correspondant aux 
solvolyses dans un méme type de solvants mixtes. L’écart entre ces deux droites 
est d'environ 0-2 unite de log & pour le dérivé m-OCH, et de 0-1 unité de log & pour le 
substituant m-CHy,. 

(c) le derive p-CH, (Fig. 5) réagit trés rapidement avec les solvants étudiés, 


les vitesses de solvolyse n'ont pu étre etudiees avec une bonne precision que dans les 


739 
23 
: 
: 
i 
a. 10 A a.» 
(mole /litre) (sec™') (sec-") 
3 16 10 SOR 1-778 1-9? 10 
19 ».47 19 1-463 5-4] 10 
) 5-44 10 4°5 | 843 10 
1O4 10 R9 19 1-6] R-S] 10-* 
i } 
: \/ f 
4690 
1-448 
) 1-491 1-499 14) 


FIERENS 


deux milieu sn is actil Il est donc impossible de ti les conclusions des 


résultat 
(d) les coefficients angu res tes de Winstein sont es oisins de 


unite; ceci conh 


oll m . p est le coefficient angulaire de la droite, L , et Ly, les parametres de structure 


ne dépendant que des produits ij et B (Tableau 14) 


Effet nucléophile du solvant 

Un examen détaillé des graphiques montre qu'il existe des écarts a la droite de 
Winstein, correspondant aux derives ayant les o les plus positifs, c’est-a-dire les 
substituants les plus capteurs (m-Cl, m-OCH,, p-Cl) dans le milieu le moins 1onisant 


(79-5 dioxanne—20°5°, d’eau). Ces constantes de vitesse mesurees sont plus grandes 


que celles prédites par la relation de Winstein; ceci correspond a une legere action 


nucléophile du solvant au niveau du complexe transitoire 


Effets des substituants m-OCH, et m-CH, 
1] est difficile de justifier l’existence des deux droites obtenues pour les substituants 
m-OCH, et m-CH,. On peut néanmoins affirmer que ces ecarts ne sont pas dus a la 


Pape 
240 C. MECHEL’ m et 
Tarmteau &. S YSES Dt RURI (p-METHYLPHENYL) ETHYL! 
| 
rine | equation 
Map = Lally 
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TABLEAt SOLVOLYSES Dt i D'a(n-METHOXYPHENYL) ETHYLI 


10 


presence de sel d’oxonium. En effet, Wiles** a montré que les sels d’oxonium de 


dérivés benzéniques substitués par un groupe méthoxy ne se forment qu’en presence 


d’acide fort et concentré. L’existence de sels d’oxonium dans les milieux ternaires 


est également impossible; en effet, le substituant OCH, est fortement capteur par 


rapport a-OCH,. Or, on constate que les solvolyses dans ces milieux sont plus 


rapides que dans les mélanges binaires correspondant au méme pouvoir lonisant 


Conclusion 

(1°) La relation de Winstein—Griinwald est vérifiée d’une maniére trés précise pour 
les dérivés p-fluoro, p-chloro et m-chloro dans une grande variete de solvants mixtes. 
Ceci est da au fait: 

(a) que le mécanisme de réaction est une substitution nucléophile monomoleculaire 


28 L. A. Wiles, Chem. Rev. 56, 329 (1956). 


: 
24! 
. a.10 } a. 
n ] n 
(mole, litre) (sec (mote; litre) (sec) 
1). 
Milieu 1 fi ‘4 dioxanne 60 : 
60 19 2-322 1-52 10 40°] 2] 1-590 1-25 10 
4-35 10 §1°? 1-( 10 
79 9 ».979 }-()] * 60 2 21 a 
49-3 cau 
2 
i ‘ <n i7 ‘4 
ON ne ‘ 
lioxanne 33-3 
10 SU ls 1-482 1-14 
10 3-97 10 15 1 52 10 
| 0 1-()¢ it) 
10 1-69 10 
40 10 )-44 10 
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TABLEAU 10. SOLVOLYSES DU CHLORURE D’a-(m-CHLOROPHENYL) ETHYLE 


a 10 h a 10 k 
I n 7 n 
(mole/litre) (sec™*) (mole /litre) (sec™*) 
eau 5-8 
20°5 


Vilieu 4 dioxanne 60-2 
ac. 34-0 


7 4-] 10 60 16 1-640 | 10 
674 2-14 ) 19 1-505 48 10 
1 666 ) 15 1-618 1-Oo 10 
< 
4 ) 4s 144 10 
4) 1-40) i) 
j 
? 4 1-444 10 
f 64 | ? 10 
1) ‘ 1-425 2 iV 
(sauf en ce qui concerne les dérivés m- et p-chloro dans le milicu /9°5 
dioxanne—20-5 
(b) qu'il n’existe pas d'interaction specifique de chacun des deux types de solvant 
ivec le substituant 


(c) que du point de vue sterique les sites réactionnels des dérivés étudiés et du 


dérivé de référence sont identiques 


(2°) En ce qui concerne les dérivés m-méthoxy- et m-methyle substitues, la presence 


de deux droites paralléles voisines peut étre attribuce a diverses Interactions specifiques 


de chaque type de solvant avec le substituant. Le mecanisme est neanmoins 5, |, sauf, 


vraisemblablement pour le dérivé m-OCH, dans le milieu 79 5°. dioxanne—20-5",, eau. 


B. Relation de Tommila 
Nous avons applique la relation de Tommila aux constantes de vitesse mesurees 


dans les melanges binaires. 


Soit log k = nlog(H,O) — Cte (14) 


¥ 
dioxanne 79-5 
: 
i 
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TABLEAU 11. SOLVOLYSES DU CHLORURI 


a 10° a 10? 


1 
(mole/litre) (mole/litre) 


1-5 eau 5-8 
eau 2U 
Milieu | ‘ iliet dioxanne 60-2 


dioxanne 7 
ac. form. 34-0 


dioxanne 


forn 


ic 


Portant en abcisse les logarithmes des titres molaires en eau, et en ordonnee les 


logarithmes des constantes spécifiques, @ 25°, nous avons obtenu le graphique 


(Tableau 15). Nous y remarquons 
(1°) que la pente des trongons de droite obtenus pour le derive non substitue dans 


les milieux les plus riches en eau (66°6 eau-—sVU eau—100 eau) est pratiquement 


constante et voisine de 9-7 
(2°) que les trongons de droite joignant les points correspondant aux deux milieux 


contenant 50°, eau et 66°6°, eau, sont paralleles pour l"ensemble des produits étudies. 


(3°) que la pente des segments de droite joignant les points correspondant aux 
deux milieux les moins riches en eau est beaucoup plus faible que celle correspondant 
aux milieux les plus riches en eau Cette pente est voisine de 6-0. Trois de ces seg- 
ments sont paralleéles; ils correspondent aux dérivés p-fluoro, m-methyle et non 


substitués qui réagissent par un mecanisme S.1 dans tous les solvants étudiés. Les 
autres dérivés pour lesquels les droites de Winstein avaient révélé l’existence d’une 
eau, ont une pente plus faible 


contribution du bond-making dans le milieu 20-5' 


que les précedentes. 


k 
(sec *) 
> 
‘He 45 19 2-473 1-41 10 3] 17 1-984 1-45 10 
; 45 19 2-473 1-43 10 3] 17 1-984 1-45 10 
: 60 3 19 >-438 6°50 10 40°? 16 1-823 4-08 10 
789 20 2-393 3-60 10 60 ?? 1-984 3-13 10-4 
eau 6:1 
Milieu 2 Milieu 5S 
dioxanne 
ac. 54°] 
1? 18 7-550 4-83 10 95°) 17 1-356 10 
17 17 2:54] 9-33 « 10 25°2 1-356 40 10 
25 20 2-§27 2°62 40°? 20 1-343 5-41 
36 17 15 10 5] 19 1-329 1-8] 10 
Cail 
Milieu 3 Vilieu 6 oxanne 25-8 
adioxanne c. form. 69 
0) 15 1-8 10 14 34] 10 
0 13 1-88 10 »5°3 16 1-329 2-00 10-4 
0 14 1-86 10 30 9 18 1-321 1-00 10 
14 1-40 10 4() 18 1-310 3-00 10 
15 20 1:39 10 F 
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pu ci 


. 
etudice 


lactivation 


constatel que les PZ 


it | 
milicux eau dioxanne 


n sont fonction 


experime 


ara subdstulues dans 


formique 34 dioxanne 60 Dans ces milicux, les 


ivation sont fonction croissante de la valeur de o 


d'une maniére trés différente pour les derives 


presentent 


Chim. Fr. 220-226 (1954) 


20, 1202 (1955) 


TABLEAU |2. meiLORURE D ETHYL! 
(mole e) SEC (mote litre) (sec 
eal 
| 
60 } 1-834 4-44 0 
tence G cu 
: ( lai Ha 
oy 4 la de H tt 
4 (a) lentropie d t constante pour tous les termes de la seric BEL. 
Dans ce ¢ ol 
(b) les enthalpies linéaire de entropic: 
ae sont constants pour ic deriv 
Les phénoménes sc 
J. E. Leffler, J. Org. Chem. 
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TABLEAU 13. SOLVOLYSES DU CHLORURE D’x-PHENYLETHYLE 


Dioxanne 


1-060 
1-445 
1-581 
1-649 
1-744 


5 
ak 
log PZ log 
Eau Ac. form 
4 
| sO 11-43 4-15 
— 0-5 19 12:3 2-18 
10 4) 1-33 
rr 60-2 99 ) 5.59 
G 
i) 
a 
; OCH 
og [H.O O O U 
iad Cl F OCH CH 
20-5 11-48 6:36 6°53 5-8? 6°57 6-00 
49-3 27°86 4-15 4-65 3-59 6:13 4:5] 3-80 
38-16 2-96 3-44 2-32 5-01 3-39 2-61 
79-§ 44-60 2:18 
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THYLES META SUBSTITLE 


mstate que 
titues d'autre part, sc placent 
avee unc 
ous a conduits a faire ner , rraphique pour les derives méta- et 
non substitues dans chaque solvant, pu yur les deri para dans les milicux etudiés 
(Figs. 9. 10 et 11). Les droites o ues pour le érives m-Cl, m-CH, et H sont 
precises dans tous milicux et ont des coefficients angulaires vorsins, a | exception de 
celle correspondant au milicu 795%, dioxanne pour lequel une contribution du 
bond-making a ¢te mise en evidence 


A l'aide de nos graphiques, nous avons determine la valeur de la constante du 


substituant m-OCH, correspondant a ce type de reaction dans chaque milieu 


Les 
valeurs obtenues sont trés vorines lune de l'autre Le coefficient angulaire des 
droites est négatif puisque les substituants capteurs d’electrons défavorisent les 


substitutions nucleophiles monomoleculaires; les pentes sont approximativement 


co. Ftude du coefficic uire des droites de Hammett en fonction du ae 
OCH, dans chacun de ces 
och 
bau Dioxanne Ac. form 
tv 444 8-4 
Dar cs ix Dina Cul d Manne ct Cau 
dioxan! 1 Val nd est tres | le di produit a | autre alors que 
i 
les log PZ varient de | de deux 1 a 
maniere gueciconguc nda m touk ation qualitative des 
Wit @ taria du ai a nstan esse en fon j 
Nous avor adresse tout d ab gu uc de H ett contenant ik resultats 
des SOIVO ac crise ac es ctud da nilicu dioxanne 
34 acide lormigque- eau (f Ss). La mgucur du trait horizontal represente 
lerre if Crreul ul esi ‘ cavdic | ensemDic traits 
i. obtenus se repartit tres grossicrement sur une droite. Cependant. si on neéelige le 
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egales dans les differents solvants. Le Tableau 16 renferme les valeurs de ¢,,_ oy. et 
de p correspondant a chaque milieu 

En ce qui concerne les dérivés para substitués les droites obtenues sont aussi 

precises que les préecedentes. Les valeurs de p sont égales entre elles si l’on tient 

compte du fait que la formation de la nouvelle liaison intervient au niveau du com- 

plexe transitoire pour le dérivé p-Cl dans le milieu 79-5 dioxanne—20-5 eau et 

que l'on remplace la valeur de log k mesurée par celle extrapolée a l'aide du graphique 

de Winstein—Griinwald 

L’existence de deux droites de Hammett. l'une c rrespondant aux dérivés para- 

nek t non substitue. a ete ise en evidence par 

utions nucleophiles monomoléculaire haine latérale. 

droite d imm« ont ete observ 


et pour | 


(15) 


log log n log log Ky, 


Rappelons que m | pour tous les derives étudiés et pour l'ensemble des solvants. 


Nous avons donc aussi | 


Rappelons que: log k log Ky, 
Pa . (16) 


log kK x log Ky 
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substitutions clectrophiles Hes reactions des amines et des phenols substitués 
ie a : par des capt s fi Ceci est parfa explicable si l'on considére que o est 
p worl ia ta d’en ipie entre 
et 
oo: Cette dif d’enthalpie « | et Il depend essentiell nt de la difference 
( ( pic evident qu en 
et 1 Ve Ceci cond une 
seg ge nces denthaipie peut ne p etre proportionnelle a celle des 
La constance de p dans les différent x est en desaccord avec les théories de 
Jaffe et de Hammett ; 
Il est pourt d er ¢ ’ n ¢ I orsque les equations de 
Ha W | inc ( pou ia seric de 
produits t de $o int tudi 
En effet. dans ce cas 
log ky og k,,, (log og ) (10g log / } 
(loo loo 
los Og Ky,) log Ky, (8) 
| 


de derives 
de Winstein 


ubstitue 


appl 


ves Para 


dgioxanne 


pour len ble des milieux 


dioxanne et 60-7 dioxanne pout 


conditions relatives a la variation de log PZ no sont pas verinees Ii doit necessaire- 
ment en étre ainsi pour le m dioxanne oti énergie d’activation varie 


ésultats obtenus pour le milicu 39-8 °,, dioxanne 


na 
I 


trés peu d’un produit a l'autre n 
sont incompatibles avec les théories de Hammett, Jaffe, Leffler et autres 
La relation pT = constante se vérifie avec une bonne précision pour les derives 
79-5°. et 60°:2°, dioxanne oli log PZ est constant, et pour les 


para dans les milieux 


dérivés meta- et non substitués dans le milieu 60-2°, dioxanne ou les valeurs extremes 


de log PZ différent de 0-8 
dioxanne et 


Il n’en est pas de méme pour les dérives meta dans les milieux 39-8 


50-7 °,, dioxanne ot le facteur de fréquence varie tres fort d'un substituant a l'autre 


Les previsions theoriques se verifient donc exactement en ce qui concerne l'effet de la 
température sur la valeur de p. 


74, S806 (1952) 


H. Kloosterziel H. K ick 
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‘1 Or. chaque fois que la relation de Hammett s app que a une ser a 
substitues et a canisme est limite on la relation 
ra ver ne bonne approximation si l'on choisit le dérivé non 
ae comme substance de refc ce: la constante de reac ou encore la sensibilité de la me 
: reac ing t ac ostitua era donc independante dc i nature du a 
Nous ; ncients al a grok ac H nett corres- 
pondant au ul ction co nte i lifeste 
ler t p-( nt p faibles 
L’efiet td eca de en evidence 
etudice se tra t ul cal aent (cx imiute) 
formatior eq de H ett n'est par d'une maniere 
cl n ot ne ecu d une droit 
pas pu etre mise en ev gence dal ne e puisque i u cd ‘ que ae 
observes au cours dc ipstil ns ucicop electrop CS omatiques et 
attriduces, peut-ctre a al portance Ges cticts esomeres 
5 fet Sur ia vaieur de ia consiantk le react 
Des graphiques de Hammett ont ete traces a 25°, 60° et 80° pour ies Ccr) =a 
substitues dans les milicux 60-. dioxanne, et Sv 
17 
(Tableau 
On obtient une relation linéaire 4 chaque température 
étud ympris les milicux 39-8 °,, les 
r, J. Amer. Chem. Soc. 
73 (1956) 
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TABLEAt 7. APPLICATION DE LA RELATION DE HAMMETT AUX REACTIONS DE SOLVOLYSES 
CHLORURES SUBSTITUES 


Etude de la constante de réaction p et du produit pT 


Milieu 25 60 
Derives 


Dioxanne 


‘ 
DE 
Eau Ac. form p p ol p ol 
p Cl-pCH,-pl 20-5 1450 1510 4:? 1490 
p Cl-pCH,-pI 5:8 60-2 34-0 5 1650 5-0 1670 4:7 1670 
m CH,-H-m 60-2 34-0 5-4 1620 $9 1660 1640 
CH,-H-m ¢ 6-1 39-8 §4:1 5-8 0) 5-4 1840 5-4 1920 
m CH,-H-m ¢ SO 1570 53 sO 5-2 1850 
TABLI R ES H { Wi IN—-GRUNWALD 
di 
| Di nn Ac. I 
ym 33 4-84 
60 14-0 sO 
39-8 54:1 6°4 6°52 
m CH 6-() 
66-¢ 3343 5-28 
5-8 60-2 34-0 4-1¢ 3-96 
pC 33-3 3-44 
34-0 6-03 6-00 
61 39-8 54:1 4:99 4-98 
25°8 69-7 4-19 4-28 
66-6 33-3 2:40 2:32 
60-2 34-0 5-07 5-14 
6:1 29.2 3-95 4-03 
: 25-8 69-7 3-23 3-31 
6 


MECHELYNCK-Davip et P. J. C. Frerens 


S333%0 5 333%D 


250% 0 


507 %D 
398 %D 


250% 0 
507 %0 
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“4 
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250% D 
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© 
602%0 
-6 #602 %0 6 
( 
K25 
7054.0 
Variatio lu loga ed ) >. Va ym du logarithme de la constante 
nen eux eur 
K25 
Log : 
250% 
*3986%0 
4 602%0 
7 502 
Log og 28 
795 % 0 195 Yel 
Varia j nn i consta Fi 4 \ oO rinme de i constante 
gu a < ne i co te 
333%0 
pF 
| 
25 
25 
396% 0 
4 3 -4 
602 %0 5 
-4 
60:2 %0 
795% 0 K25 
Log } 73 fT) Log 
Fr Vanation du logarithme de la constant« Fi 6. Variation du logarithme de la constante 
de vitess a 25 du pre vi} de vitesse a 25 Tu fl soropheny!) 
éthvie dans trois n fonctio lu éthyle d fTere milicux, ¢ fonction du 
ogarithme de la constar d meme Oo me de cor de vitesse a la meme 
température du derive substitue temperature, du derive non sudstitue Gans ies 
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Log K 


m-OCH 


Cl et non substitues en fonction de i consta 


de substituant dans les milieux ternaires, 


mesuré 


extrapole 
PCI 
+ 02 6 
la constante 
onstante de 
p-F et p-€ 
milieux 
dioxanne 79-5 
dioxanne 60-2 5 acide formique 34-0 


4 
pct 
mOCH3 
\ 
\ 
he 
8 
< 
02-01 0 OF 02 03 6 
\ e de \ oO thme de i constants 
= 275 
Log 
oD 
6 
Log K*” Log 
258% ~ 
602%0 
5 95%0 
5% 
6 | 
-6;-5 4 
7 
mCH, mci ’ 
0 0! 02 03 6 
Fic. 10. Variation du logarithme de la constante 
de vitesse a 25° des dérivés m-CH,, EEEEE,, m 
gre 
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D. Relation entre les équations de Hammett et Winstein-Griinwald 


Rappelons que lorsque le coefficient angulaire de la droite de Winstein—-Griinwald 


est voisin de l'unité pour chacun des dérivés étudiés, cette relation s’enonce: 


log + (log log Ky,) + log Ky (11) 


log A 


e solvant éetudie: le derive de reference: 


ou A le Gerive ctudic; xX 
co Nious avons rassemblé dans le Tableau 18 les valeurs du logarithme de la constante ae 
de vitesse mesurees ct Cak del cavi | par ul ecanisme 
rigoureusement e. Lac d entre | eet ce est excellent: Vequa- 
prod ts dans dilierent de cet eC st ilheureusement 
de Winstein—-Grinwald 
pari iil entre S COI I t tirer 4 CCS ] 
lorsqu t de petits « is, Ct ne preuve du bien-fonde de l interpretation 
i 
Rer N iM el ess R.H 1 if 
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DIE KONFIGURATION DER CARBONESTERGRUPPE 
UND DIE SONDEREIGENSCHAFTEN DER LACTONE* 


R. HUISGEN und H. OT 


Zusammenfassung 


elektrop 


Abstract 


SCHON FITTI 


ilionen 


nerie 
iften 5-19 eit der 


polarisation sowie die IR-Spektren waren besonders aufsc SSI h—vestattete 


LAd 


A Institut fiir Organische Chemie der Universitat Miincher 
( Receive 19 November 1958) 
Dic Carbonestergruppe vermag in 2 Plankonfiguratione fzutreten. Die ; 
Siedepunkte, Dipoln ente und RG-K ant schen H e de ogen ali- 
phat l e (Vil + bis 16) lehren, dass die R trukt bei VII, 7 ; energic- 
reiche Kont ti Vil enk Este hguriert 
sind. VII en cine ( cnte | vie die 
Aktivitat des K ensto ‘ kte ch fur d Carbonestersystem 
: The « C 0 yp moments and 
rate constants of alk chow 
tha ( Vil.» | cl or the me hers 
A Ee, der Entdecker der Lactone, machte auf deren au pragte Sonder- 
eigenschaften im Ra en der Carbdonsaureest se! Wasser 
stellt sich bereits das Hy« senglen der y-Lactor Hydroxysauren 
ein -Lactone reagieren bereits in der K - Bel ssiger W nnen alipha- 
Liscne | ICLONG il Nalrol! uve verve | Cnoll ‘ l R ) titriert 
werden. Diese Eigenschaften, an die man sic 1 den vergangenen &O Jahz ewOhnt 
hat, erfuhren nocl echar he letzten 
' Jahrzehnt fand die alkylierende | keit der $-Lactone’ starke Beachtung: sie 
fa 1, Dina f 
F wurde meist auf die Baeyer-Spannung edrigen R riickgefthrt. Dabei 
beachtete man nic dass auc Lactone nucleophil Substitutionen in der y- 
Position, wenn auch erst unter energischeren Bedingungen, zugidnglich sind 3 
: Die Vermutung, d ein den ol kettigen Car estern abweichende 
Aonficura 1 der Ester ppe | rnont NCaKI tat e verant ortlich 
Sel. T\ cS SIC ais ad Wit OCT un n aen t7tel } Gel Kon- 
figuration drehwun inkter Bind systeme ij ittleren Ringen* befasst. 
Das N-monosubstituierte Carbonamid beispielsweise tritt in zwei Plankonfiguraaam 
F 
(1 und Il 
Figen: 
M 
* Mittlere Ring XV. Mitt XIV. Mitt R. H rd Rietz. ¢ Ber. 90, 2768 (1957) ; 
‘ | W.H.M 17? R. | 200 R80 208. 1881): 
R. iM. B. ¢ 226, 
R. 1 L. Wolff 216, 
Zusam R.H { 69, 341 (195 
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24 ee 
N N N N 
den Riucksc! uss aul di Kon Gel cla Ju cal en 
Ring findet sich dic de rthoEffekt benacht tc Konfiguration | 
r7wune act rosseTel cli ringecn dic Po yimet Kcette ubdel 
R der A iV) D Uml ck 
tein A les D RG-Konstante der spont Ac 
“a 
kK \ i Vi = 
| les B tet. Die Dip 
K v1 Die 1 keit d Mi te bietet 
SI Bau a 
Reakt d Z d Sond chal der Lactone het 
R R 
‘ 
\ Dar ime Lactom 
Zur Ber en w-Lactom N Vil 0) bewahrte 
H.W Ber. #9, 2 
j aa dimer. ¢ Soc. $8, 4478 (1933); C.T.2 
R. J. B. Marsden und L. E. Sutton, J. C/ 
> 
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Methylathylketon nach Hunsdiecker und Erlbach."” Die Lactone gewéhnlicher Ringgrésse sind 
bequem zuginglich, das e-Caprolacton (Hexanolid, VII, 2 7) z.B. durch Ringerweiterung des 
Cyclohexanons mit Perbenzoesdure 


Bei VII, 


innermolekulare Veresterung der w-Hydroxycarbonsiuren mit Benzolsulfonsdure 


8,9 klafft eine Liicke in der Reihe der bekannten Lactone. Die 


in Benzol’ versagt hier ebenso wie die obenerwihnte intramolekulare Alkvlierung 


der «-Brom-fettsiuren Die Depolymerisation der Polyester unter dem Einfluss 
elektrophiler Katalysatoren™ liefert hier ausschliesslich dimere Lactone mit 16- 
und 1&8-gliedrigem Ring Die Reaktion des Cycloheptanons und -octanons mit 
Perbenzoesiure verlauft ungemein langsam und gibt anstelle der empfindlichen VII, 
n 8. 9 nur die Polyester." 

Angesichts des bekannten Minimums in der Bildunestendenz mittleret Ringe 


erschien uns die Umsetzung der Ringketone mit Persduren aussichtsreicher als eine 


Ringsynthese Es galt, eine Persiure zu finden, die rascher reagiert als Perbenzoe- 
siure, um die be: langen Reaktionszeiten unvermeidliche Polvyesterbildung einzu- 
schriinken. Nach mechanistischen Studien" enthilt die Umsetzung mit Ketonen ein 
sdurekatalysiertes Additionsgleichgewicht mit anschliessender, zum Carboxvlatanion 
fuhrender Heter der Peroxydbindung Mit der Erwartung dass die 
Geschwindigkeit der Heterolyse der Persiure und ihrer Abkémmlinge mit det 


mit aro- 


latsichlich vollzog sich die Umsetzung des Cyc/oheptanons und -octanons mit 
Pertrifluor jure in Methylenchlorid in Gegenwart von Dinatriumphosphat—das 
sind die Bedingungen von Emmons und Lucas glatt und ergab 68°. VII, a= 8 
resp. 72°. 7 Als Nebenprodukt lieferte Cyc/oheptanon noch das dimere 


Peroxyd VIII 


Vill 


Die Konstitution dieser letzten, bislang fehlenden Glieder der w-Lactonreihe 
wurde neben Analyse und Aquivalenttitration durch die Hydrazin se gesichert, 


die nahezu quantitativ bzw -caprylsdure-hydrazid lieferte 


= 
— 
fcidiidi Ger zZugrundeliegenden Carbonsaiure wichst. stimmen die Crievee- 
Umlagerung der Deka pereste! sowie dic Epoxydation der Alkene 
Vi |_| 
H. Hunsdiecker und E. Erlbach, Chem. B 80, 12 1947 
Chem. 71, 2 S.L. Fr P. E. Frankenburg, /bid. 74, 2679 
(1952 R.R L. H. Sn 195 
M.S ind A. R H Chim. A 18, 108 3 Die Ringbildu rescl ligkeit zeigt 
be: Vil M By \ les P k H 
nG Vu ‘ ), angeblich zu 0-98 °.. entstanden. konnte 
LE. W.S W.H. ¢ Amer. Chem. S 57, 929 (1935): 58. 654 (19% 
‘ R. Criegee, / inn. 560, 12 48): P. D. Barth ind J. L. Kice. J. Amer. Chem. S 75, 559] 
*S) Medwed 1 O. Blox Chem. J. Ser. W. J. pl Chem. 4, 721 (1933); Chem. Zentralb 
D. Es ) md G. B. Luc Amer. Chem. S 77, 2287 (1955 
R. Huisgen und H. O iy Chem. 70, 312 (1958) 
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Nur das Heptanolid (VII 8) teilt mit dem 
geprigte Polymerisationsbereitschalt 
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-Caprolacton 


B. Di 


mente und Siedepunk te 


elektrischen Momente des 
1; 


Dipolmomente 


viesen sich als 
lic h nicht mit eel 
Beilaul el erwiihnt, dass d 


ii dass die Funktion Ad die den 
in Abhiingigkeit vom Molenbruch des Lactons wiedergibt, 
. actamen III lag dieses Maximum 


ch der Dipolmomente lassen die w-Lactone 


> 2 Gruppen erkennen: VII, 
mit Momenten von 3-7-4-4D und VII, n 


16 mit solchen von 2-2—1-9D 


(1948) 


ric Dipole Moments 


Methuen London (1953); 


lic Lactame 
Mikrochim. Acta 
ickfihrt. Die 


tion auf Dip ZI 
nterschiedlichen Asso 


olwechseiwirku 


sserstofi 
gsmogiichkeit fiir dic 


und 
22 Da 


sci 


ne zu bieten 
lie Dichte der reinen 
essen aus dem Vergleich n 


ch mit den 
mittieren Ringgeb et; M. Stoll und G 


riationsformen der cis 


Lactone mit der 


Ringgrésse stetig ab. Stoll 
Dichtekurven der Di 


und 


und Rouve' 
Trilactone auf d 
Stoll-comte, Helo. Chim 


lie Kompression im 
Acta 13, 1185 (1930). 


7 
cae Zu Beginn unserer Arbeit fanden sich nur die }- a 
Propio-'* and des y-Butyrolactons® beschrieben. Wit det 
S248 homologen R Vil l6 in Benz ei 25° aus den Parametern der Tab. | . 
mittels des Niiherungsvertahrer von Hedestrand bestimmt Die Funktionen 
ons \ \ , R n D) 
Vil 
‘ 
at 38 
4-64 0-2 IRN 14-7 4:22 
104-106 25-4 0-268 10 29-4 445 
6-92 0-264 142 2:25 
5-50 0-258 126 13-4 201 
1-64 0-242 124 $2 1-86 
43 59 0-244 13 620 
\ 1, zu Molenbriicl 
a zu rechnen.*' 
3 Dichtezuwachs der Lésun 
bel 10 
n 4-& 
Pas Be ’T. L. G har ). E. Ja n und F. W. Shaver, J. Amer. Chem. S 70. 998 
H ind, Z. P Chem. B2, 428 (1929); vg ch J. W. Snih, 
er Butt t London (1955); R. J. W. LeFevre, Dipole Moments 3. Aufl. 7 : 
+4 
et J. Czek a her ing Ph Chem. 60, 145 (1956) 
ee. 21 Obw die Lacta itl k ere Dipolmomente haben als VII, 5-7 eine starke 
4, Ass jor Wir vermdgen daher der Argt C.G. 55, (1955), 
i... nicht zu folgen, der die Amidassoz riicke 
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(Tabelle 1). Dabei nehmen die 8-10-gliedrigen Lactone eine gewisse Ubergangs- 
stellung cin. Mit 1-86D zeigen VII, n = 12-16 ein konstantes Dipolmoment; Lange 
und Faltung der Polymethylenkette sind hier also praktisch ohne Einfluss. 


Die grossgliedrigen Lactone stimmen mit den offenkettigen Estern in der Gréssen- 
ordnung des Dipolmoments tberein, wie das Beispiel des Capronsdure-n-butylesters 
dartut.~ Eine naheliegende Arbeitshypothese weist den Lactonen VII, n = 4-8 


ikte der homologen «-Lactone 


die durch den Ringschluss erzwungene cis-Esterkonfiguration V zu, wahrend die 
grossgliedrigen Lactone wie die offenkettigen Carbonester iiber die trans-Konfigura- 
tion VI verfiigen. Den letzten Schluss zogen bereits Marsden und Sutton’ in einer 
schénen Arbeit aus dem zu 4:12D gefundenen Moment des Butyrolactons.™ Der 
niedrigere Energiegehalt der trans-Estergruppe, der bevorzugten Konfiguration, 
findet eben im kleineren elektrischen Moment eine anschauliche [llustration 

Die Dipolassoziation beeinflusst die Verdampfungswdrme der Lactone erheblich. 
Wie Fig. | zeigt, sieden die cis-Lactone um etwa 130° hdher als die trans-Lactone, 
wenn man deren Siedepunktsintervalle bei CH,-Zuwachs zugrundelegt 

Es entspricht der Erwartung, dass cis-Ester ber ein hdheres Dipolmoment verfiigen 
als trans-konfigurierte. Es ist nun verlockend, die Zerlegung in Partialmomente 
durchzufiihren, um den Einfluss der Estermesomerie zahlenmissig zu erfassen. Die 
Summenmomente von cis- und trans-Ester gestatten es dabei, die Grésse zweier 
Partialmomente anzugeben, wenn der von ihnen eingeschlossene Winkel als bekannt 
angenommen wird. Fiir die Geometrie des Carbonestersystems in Lésung diirften 
die Bindungswinkel und -abstinde offenkettiger Ester im Gaszustand die beste 


Niherung bieten; die Daten der Fig. 2 griinden sich auf Elektronenbeugungsauf- 


nahmen von O’Gorman et 
Der Zerlegung liegen folgende Vereinfachungen zugrunde: 
1. Die Bindungswinkel und -abstande des offenkettigen Esters werden nicht 


In guter Ubereinstimmung fa L. Wolf und W. J. Gross, Z. phys. Chem. B 14, 305 (1931) die 
elektrischen Momente des Propionsaure-/-propyl- und -n-butylesters in Benzol bei 22° zu 1-76 bzw. 1-77D. 

“In E. A. Braude und F. C. Nachod, Determination of Organic Structures by Physical Methods S. 405. 
Academic Press, New York (1955), erwdhnt L. E. Sutton unverdffentl. Dipolmomente einiger weiterer 
Lactone (VII): 4-20 fiir n 6, 4:33 fiir 7, 2-1 firan 10; 1-90 fiira 16. Wir wurden auf diese 
Daten erst nach Abschluss unserer Messungen aufmerksam. Suttons Werte—Lésungsmittel, Temperatur 
und Berechnungsverfahren wurden nicht angegeben—stehen mit unseren befriedigend in Einklang. 


2% J. M. O'Gorman, W. Shand und V. Schomaker, J. Amer. Chem. Soc. 72, 4222 (1950) 
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nur fiir die trans-. sondern auch fiir die cis-Lactone iibernommen; im letzteren wird 


also die untere Molekiilhilfte der Fig. 2 gespiegelt; 
2. Das gesamte Bindungssystem gemiiss Fig. 2 wird als eben betrachtet; der 


20-25° betragende Winkel der C—-O—C"-Ebene gegen die O=C O-Ebene® wird 


vernachlassigt ; 


Fic. 2 Fico. 3. Frio. 4 


3. Der Vorzug der trans-Konhiguration ist so gross, dass die geringe Gleich- 
gewichtskonzentration der cis-Form das elektrische Moment der grossgliedrigen 


Lactone und der offenkettigen Ester praktisch nicht beeinflusst (S. 262); 


4. Die Normwerte der Dipolmomente von cis- und trans-Lacton werden zu 4-30und 


zu 1-86D angenommen, was hinsichtlich der ersteren eine gewisse Willkir einschliesst 

Die 5 Partialmomente der Fig. 3 werden zu den Vektoren A and B der Fig. 4 
addiert. Am “Athermoment” B sind neben den Bindungsmomenten c und d das 
von den Orbitals der cinsamen Elektronenpaare herriihrende Moment” e beteiligt 


Die von der Estermesomerie ausgeléste Verkiirzung des C—-O-Abstandes sowie die 


sp?-Hybridisierung des Carbonylkohlenstoffs verkleimern gegeniiber d. Dem 


kaum exakt angebbaren Unterschied wird mit einer 10°-Abweichung des Ather- 


moments B von dem Vektor e Rechnung getragen. Das Carbonylmoment a und das 


“‘Mesomerie-Moment” 6, der Beteiligung der dipolaren Grenzformel entspringend, 
ergeben das “Ketonmoment” A. Der Winkel «x, den A mit der C—O-Achse ein- 


schliesst, hiingt vom Gréssenverhiltnis a: 6 ab. In Tabelle 2 finden sich die fir 


verschiedene Verhiiltnisse a : b berechneten Partialmomente aufgefihrt. 
Das Partialmoment A ist um etwa 0-6D grésser als das Dipolmoment aliphatischer 


Ketone mit 2°74 0-05 D.27 Unter der vereinfachenden Annahme, dass das Carbonyl- 
moment a der Lactone mit dem der Ketone iibereinstimmt, ergibt sich ein Wert von 
| : 4-2 fiir das Gréssenverhiltnis a : b (Tabelle 2; die Vektoren der Fig. 4 beziehen 


Fin Vektor des Moments von 0°-65D wiirde auf 


sich auf a/b 4) 
eine 6-proz. Beteiligune der zwitterionischen Grenzformel am Grundzustand des 


Carbonestersystems schliessen lassen. Abgesehen davon, dass die Vereinfachungen 


sich in einer Verminderung dieses Prozentsatzes auswirken, sei darauf hingewiesen, 
dass Dipoldaten stets niedrigere Werte fiir die mesomere Beteiligung zwitterionischer 


Grenzformeln ergeben haben als andere Molekiildaten.** 


6 J. Lennard-Jones und J. A. Pople, Proc. Re Soc. A 202, 166 (1950); J. A. Pople, /bid. 202, 323 


(1950) 

?? Nach H. H. Ginthard und T. Gaumann, Helv. Chim. Acta 34, 39 (1951) liegen die Dipolmomente der 
(ycianone Dis ZUM en Ring aus unbekannten Grunden hoher, wal rend licjenigen der grossglic- 
drigen Ringketone dem ot 1 Normalwert der offenkettigen Ketone entsprechen 

28C. P. Smyth, Dielectric Behavior and Structure S. 254. McGraw-Hill, New York (1955). Folgt man 
dem Vorschlag von J. A. C. H 1. E. Coop und L. E. Sutton, Trans. Faraday Soc. 34, 1518 (1938), und 


beriicksichtigt die Momentminderung durch Induktion mit einem Faktor von 0-6, dann gelangt man Zu einer 
10-proz. Beteiligung der zwitterionischen Struktur Marsden und Sutton® schdtzten den Anteil auf der 


Grundlage der damals bekannten Daten zu 8 


a 5 
B irons 
ey ad — 
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ERMITTLUNG DER PARTIALMOMENTE DER CARBONESTERGRUPPE 
IN LACTONEN GEMASS FIG. 3, 4 


TABELLE 2 


Das Athermoment B ist mit 1-6-1-8D zwar wesentlich grésser als das der Dialkylather (1-2D), 
liegt aber mit denen des Tetrahydrofurans (1-70D) und Tetrahydropyrans (1-9D) in gleicher Gréssen- 


ordnung. Solange die erhebliche Differenz der Dipolmomente offenkettiger und cyclischer Ather 


nicht befriedigend geklirt ist nd die Momente grésserer Polymethylenoxydringe unbekannt sind, 


ist ein Riickschluss auf die Elektronegativitaét des Athersauerstoffs im Estersystem nicht méglich. 


Die Dipolmomente der cis-Lactone VII, n = 4-7 steigen mit zunehmender 
Ringgrésse (Tabelle 1). Es liegt nahe, fiir die geringeren Momente der 4- und 5- 


gliedrigen Lactone die Ddmpfung der Carbonester-Mesomerie, durch die Winkel- 


abweichung erzwungen, verantwortlich zu machen. In gleicher Richtung weisen die 


infraroten Carbonyl-Schwingungsfrequenzen der Lactone mit 4 5 6 sowie die 
mit der Ringgrésse zunechmende Befahigung, als Acceptor fiir H-Briicken zu dienen.® 


Der Unterschied der Dipoimomente von VII, ” = 6 und 7 ist ungeklart. 

Das elektrische Moment der trans-Carbonestergruppe schliesst mit der C’—C- 
Bindungsachse der Fig. 2 einen Winkel von 80°, das der cis-Estergruppe einen solchen 
von 46° ein (Fig. 4). Fiir das Moment der Carboxylgruppe, ebenfalls der trans- 


Konfiguration entsprechend, wurde aus Messungen an subst. Benzoeséuren empirisch 


ein Winkel von 74° ermittelt. 


Die Kinetik der alkalischen Lacton-Hydrolyse 


Die friiheren Arbeiten beschiftigten sich vornehmlich mit y-Lactonen;** H. 
Sebelius® bezog auch 0-Lactone ein und fand die RG-Konstante des 6-Valerolactons 
20 mal grésser als die des y-Butyrolactons. Dieser Reaktivitatsunterschied diente in 


der Zuckerchemie zur Unterscheidung furanoider und pyranoider Onsaure-lactone.™ 


Eine systematische Untersuchung des Einflusses der Ringgrésse auf die Hydroly- 


sengeschwindigkeit der Lactone fehlt bislang, was angesichts der S. 253 erwahnten 


Sonderstellung der inneren Ester geradezu Uberrascht. 


Die Methodik der kinetischen verfolgung der vieluntersuchten, alkalischen Esterhydrolyse ist 
einfach: lediglich die Wahl des Lésungsmittels verursachte im Hinblick auf die hohen RG-Konstanten 


'C. P. Smyth, Dielectric Behavior and Structure S. 297." 

S. Searles, M imi in M. Barrow {imer. ¢ en SOK 

'C. §. Brooks und M. E. Hobbs, J. Amer. Chem. Soc. 62, 2851 (1940); M. E. Hobbs und A. J. Weith, 
lbid. 65, 967 (1943) 


75, 71 (1953) 


? P. Henry, Z. Physik. Chem. 10, 96 (1892); S. S. G. Sircar, J. Chem. Soc. 898 (1928). D. S. Hegan und 
J. H. Wolfenden, Jbid. 508 (1939) 
Dissertation Lund 1927; die Daten finden sich bei W. Hiickel, Theoretische Grundlagen der Organischen 
Chemie 8. Aufi. Bd. II, S. 762. Akad. Verlagsges. Leipzig (1957) 


4H. S. Isbell und C. S. Hudson, J. Res. Nat. Bur. Stand. 8, 327 (1932) 


: 
— 
a:b x 4 B a b 
4] 3-36D 1-82D 1-74D 4D 
—- 2 16 3-35 1-70 2:30 1-15 
3 49 3-33 1-62 2:57 0-86 
or. 4 50 3-32 1-57 2-71 0-68 
5 5] 3-3] 1-54 2-82 0-56 
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Schwierigkeiten. In Vorversuchen zeigte 75-vol. proz Methoxy-dthanol ausreichendes Lésungs- 


vermégen. Wahrend sich die Hydrolyse des -Butyrolactons in diesem Lésungsmittel ohne St6rung 
messen liess. trat bei e-Caprolacton eine Komplikation auf Nach sehr raschem Anfangsverbrauch 
von HO~ volizog sich dic Verseifung recht langsam Zweifel an der Reinheit des Lactons erwiesen 
sich als unbegriindet. Es stellte sich heraus, dass innerhald Minutenfrist bei 0° die alkalikatalysierte 
l/mesterune zum iester ibgeschiossen war und der weitere 
HO -Verbrauch der vik angsameren Hvydrolyse dieses offenkettigen Esters entsprach Dass bei 
VIL.» § die Umesteruns cht mit der Hvdrolyse zu konkurrieren vermochte, beleuchtet emen 


interessanten und noch ungeklarten Unterschied 


Die in 60-proz. Dioxan ern ittelten RG-Konstanten der alkalischen. Hydrolyse 
finden sich in Tabelle 3 incl. der Arrhenius—Parametes zusammengestellt. Die 
Hydrolyse von VII, n 5-8 war schon bei 0° so rasch, dass wir auf die Messung der 
Temperaturabhingigkeit verzichteten; da schon bei 3° Dioxan aus dem Solvens 
zu kristallisieren begann, verboten sich Messungen bet tieferen Temperaturen. Zum 
Vergleich wurden dahet alle RG-Konstanten auf 0° extrapoliert (Tabelle 3). Die erste 
Reaktionsordnung beziigi. des Lactons liess sich leicht durch Messungen mit unter- 
schiedlichen Anfangskonzentrationen dartun. Auch fiir das Hydroxylion unterliegt 
sie keinem Zweilc wenngleich hier der erhebliche lonenstirken-Effekt der 
Konzentrations-variation engere Grenzen setzte 

Die auf 0° bezogenen RG-Konstanten erstreckten sich Uber 5 Zehnerpotenzen 
und bilden, wie leicht erkennbar, 2 Gruppen: Die Lactone Vil, a 5-8 zeigen viel 


hdhere spezif. Reaktionsgeschwindigkeiten als VII, 10-16; Octanolid (VII, 
n 9) liegt dazwischen Die RG-Konstanten und Aktivierungsparameter der 
grossen Lactonringe entsprechen denen offenkettiger Carbonester, wie das Beispiel 


des Capronsiiure-butylesters lehrt. Der Schluss, dass die beiden Gruppen, die sich 
in den k,-Werten um 3-4 Zehnerpotenzen unterscheiden, den Lactonen mit cis- 
und trans-konfiguriertem Carbonestersystem entsprechen, erscheint nicht 
gewagt 

Die gréssere Reaktivitat der cis-Lactone ist recht einfach zu interpretieren. Nach 


wohlbegriindeten theoretischen Vorstellungen vollziecht sich die alkalische Carbonester- 


hydrolyse iiber cin HO-- Addukt als Zwischenstuft die Bildung dieses Addukts ist 
= - Cc > ~ 
HO OR 
R H 
+ RO” + ROH 
RG-bestimmend. Bei der Anlagerung des Hydroxylions entsteht aus dem (rigonalen 
Carbonvlkohlenstoff ein fetra sches Zentrum. Beim Ubergang in LX geht nicht 
nur dic Estermesomerie verloren; auch der konfigurative Unterschied von cis- 


und trans-Ester wird nahezu gegenstandslos Zwar verhindert der Lactonring in det 
IX entsprechenden Zwischenstule die frete Rotation, die der R'O—C-Bindung in 
IX zukommt. Die Inspektion des M¢ dells asst fiir die aus cis- und trans-Lactonen 
hervorgehenden Hvdroxvi-addukte keinen wesentlichen Energieunterschied mehr 
erwarten. Wenn man das gleiche bereits fiir dic | bergangszustiinde (T in Fig. 5) 
postuliert, die vermutlich den Zwischenstufen schon strukturell nahestehen, dann 


geht dic gréssere Reaktionsgeschwindigkeit der cis-Lactone aul deren /éheres 


5) 


Energieniveau im Grundzustand zuriick (Fig 


M. L. Bender, J. Amer. Che Soc. 73, 1626 
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: 
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TABELLE 3. KINETIK DER HYDROLYSE DER &-LACTONE MIT NaOH IN DIOXAN-WASSER 


(60 : 40 Vol®<) 


Lacton VII 10* 10°k., bei 0 
(1/Sek . Mol) (1/Sek . Mol) 


1 480 1 480 
000 55 000 


2 550 2 550 


3450 


Man kann zu e! 
Carbonester gelangen man die RG-Ko 


typisch fur cis bzw trans-] ster betracl tet, 
AAI RT In (h 


Diesen Unterschied der freien Aktivierungsenergie darf man mit der Differenz der 
potentiellen Energie von cis- und trans-Lacton in Beziehung setzen, wenn man in 


grober Niherung die potenticllen Energien der Ubergangszustinde gleichsetzt 


und mit den Aktivierungsentropien ebenso verfahrt. Mit einem Energieunterschied 


in dieser Gréssenordnung hatte man fur trans-Ester bei Raumtemp. nur mit einer 
Gleichgewichtskonzentration von 0°15", cis-Ester zu rechnen. 


Eine so kleine Gleichgewichtskonzentration an cis-Carbonester ist in den normalen trans-Estern 
mit den zur Verfiigung stehenden physikalischen Methoden nicht mehr nachweisbar. Es erscheint 


5 0-10 
ty) 0-10 
7 0-10 
0-20 2 620 
er 8 0-10 +530 
0-10 117 1] 7-43 116 
10-82 261 
20-40 $19 
10 60-78 15-2 <1) 0-99 j 
1-68 -] 
1] 60 §3-] | 6-72 0-55 
67 
¢ 126°5 
12 50-88 )7 $-89 
60-02 149 
4 HY-4 AD 
13 1-7 5.3 60 
? 
3 
14 60-20 145 11-7 5-84 3-0 
67-10 208 
‘ 214 
16 60-18 240 10 
66-8? 
4-2 4 
Capronsiure §2°32 22 5-82 
n-Dutviest« 
67-66 493 
nstanten von VII, n und 14 als 
2 nal 
) ke dl 
d 
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jedoch mdglich, dass die alkalische Hydrolyse der trans-Carbonester, zumindest teilweise, Uber die 
bescheidene Konzentration an der cis-Konfiguration erfolgt Experimente, die diesen Anteil 


ecstation, liegen noch nicht vor 


abzuschatzen 


einen Faktor 40 gréssere 

ich die Carbonyl- 

ationszahl., dic mit 

det Gruinden striubt, ist 
diese U1 tzung bein ng mit ichlassen der Pitzer-Spannung 
lrans-kon- 

an de 

n wirken 

igonalen in ein tetra- 

eg der AKtivicrungs- 


mittiere Ring-Effekt” 


ictone (S. 253/4) wurde 
Auch die insbe- 
iventien, 


wird durch das Adhere 


Die Reaktionen mit Cyanid,** anionischen Sauerstoff- und Schwefelfunktionen*®® 


sowie Aminen,” vor allem von Reppe studiert, sind hier anzufihren Auch die 


| 


4 
: 
‘ 
J 
a 
A 
(rans 
fron 
\ 
Zwischen \ 
Reaktionskoordinate ——-e 
4 
f 
energie zur Folge. Schon in VII, = 13 scheint dieser 
erloschen Zu scin 
: Dic icicnte Hvdrolvsierbarke t als Sondereigenscl ift det l 
somit als Charakteristikum des cis-Carbonestersyster erh 
sondere al Lactonet studierte Fil Zul erun 
die den strukturell entsprechenden offenkettigen Estern fchit, i 
Energieniveau der cis-Estergruppe erméglicht 
CH CH 
a + > 
B-CH 
( ‘ Chem. @, 34 ‘ 

R. inn. 267, | H. Plic Che Ber. 83, 265 
ae W. Repr< t inn. 596, 158 $s = 
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Bereitschaft der y-Lactone zur Friedel—Crafts-Alkylierung von Aromaten" spricht 
fiir die leichte Heterolyse der C—O-Bindung in cis-Estern; nach eigenen Versuchen 
geht dem Exaltolid (VII, m = 16) diese Fahigkeit ab. In den /-Lactonen werden die 
Ring6ffnungen noch zusatzlich durch die Lésung der Baeyer—Spannung begiinstigt. 

Auch in der starken Polymerisationsbereitschaft scheint ein Monopol der cis- 
Lactone mit Ausnahme derjenigen mit 5-gliedrigem Ring vorzuliegen. Fir VII, 


n 4. 6 und 7 fand sich diese Eigenschaft bereits beschrieben:** das hier erstmalig 


ONE IM BEREICH DES KONI RATIONSWECHSELS 


bei O 


iviaddition 


tionsge 

ruration 

aultritt 

nter der Annahme, dass ptanolid da leiche elektrische nent besitzt 

wie cis-Hexanolid errechne icn aus Gen y indenen 
der trans-Kont 

Das Octai 1 ) weist sich rch seinen Siedepunkt < Glied det 


yment ein proz Anteil 


trans-Reihe au edig!| ie A erseifungsgeschwindigkeit noch viel zu 


iil il 


gTOSs m Rahmen ; dynan leichgewichts wurde die Gegenwart von 6—10 
cis-Lacton sowohl d Hydrolysenkonstante als auch dem Dipolmoment Rechnung 


tragen 

Beim Nonanolid (V11, n 10) lasst die sehr kleine Verseifungskonstante keinen 
Zweifel an der ausschliesslichen trans-Konfiguration. Die Erhéhung des Dipol- 
moments um 0-15D gegeniiber dem erst bei VII, ” 12 erreichten Standardwert 


Bere 

69, 
Chem 
ps, /bid 


36, 1200 (1903): 
» 455 (1934). 


TABELLE 4. EIGENSCHAFTEN DER ALIPHATISCHEN ¢ 
Vil, (alkalische) Esterkonfiguration : 
1( 
Hydrolyse 
i ae dargestellte VII, 7 8 schliesst sich d Caprolacton eng an. Man darf vermuten, 
dass diese noch wenig untersuchten t chen 
handelt es ch doc um katalytisc Prozess¢ nit einer Carbor 
einsetzen 
a 6 ae Zur Festlegung der Stelle des Wechsels der Esterkonfiguration in der homologen 
Lactonrethe s¢ n Tab. 4 die Eigenschaften der Glieder des Ubergangsbereiches 
verglichen. Schon die Siedepunktskurve (Fig. 1) kennzeichnet das Heptanolid 
(Vil. n 8) als “zwischen” den beiden Reihen stehend Auch die Beobachtung, : 
1). F. Eijkman, Chem. Weekblad 1, 421 (1904); 2, 229 (1905); 4, 191 27 (1907); H. B 
Disch. Chem. Ges. 70, 1 (1937); R. TL A i, J. S. Buck ind J. Richter, J. Amer. Cher 
gat 2322 (194 R. V. ¢ / 74, 15 »): W.L.M yi 74, 2564 (1952): J.O 
oe 19, 294 (1954); W. E. Truce und C. E. Olson, J. A Chem. Soc. 74, 4721 (1952); D. D. Phil 
77. 3658 (1955) 
lele, Vil, 7: F. J. van Natta, J. W. Hell und W. H. Carothers, J. Amer. Chem. Soc. 56 
> 
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1-86D muss somit auf cine Winkeldeformation der trans-Carbonestergruppe zuriick- 


am Molekiilmodel li Briegleb-Kalotten (Fig. 6 


ingsirei realisierbare 
mit Winkel- 


hieds zwischen 


schon eine 


rieren 


ctame tritt erst 
IR-Spektren Iehren, 


in der 


der Lactone keine! lichen ras ir Kon- 
er bekannten Sonderstellung des ; tons zeigen 
agramm der Fig. 8 keinen Gang in Abhingigkeit 
ne weisen bei &-1 eine star- 

zwischen Carbonyl- 

iufig bereits mit der 

zweiten CO-Einfachbindung tberlappt Da es 


ne in diesem Bereich gibt, gelang die Auflésung 


W. Thomps 


ag 

| In der Betrachtunge 

und erTweist Sic \ Y als das kiemste, tcidiich 
trans-Lacton: bei VII, 7 isst ch die trans-Konfigurat 

deformation erkaufen Angesichts des beachtlichen Energieu 

‘ 

So eee cis- und trans-Carbonester erscheint es aber plausibel, dass bei VII, 2 — 8 
“schlecht d n erte trans-Fot t dem cis-Lacton 
kann (Tabelle 4) 
Pig In der strukturell verwandten Reihe der aliphatischen oI | 
ae bei n = 9 der | tive “Ubergang™ zutage. Vor allem dic 
dass Ill, n Kristall schon vollstindig trans-konfiguriert ist, wahrend 
eh Chioroformlésung 10-15 trans- neben der hier noch begiinstigten cis-Form 
vorliege! 
leisten di IR iren 
figurationsfrag A bgesehe on 
lie Carbonvlf} Ta) Stricl 4 
irbonyiirequenzen tric 
von der Rin e. Die 10-16- 
ee ke Bande auf, die wohl der Valenz 

kohlenstoff und “Athersauerstofi 

oe lanewelligeren breiten Bande de 

(Thompson und P. 1 Chem. Soc. 640 (1945) 
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und Zuordnung bei den besonders bandenreichen IR-Spektren der Ubergangsglieder 


nicht 
Gleichgewichte geometrisch-isomerer Formen sollten in ihrer Lage tempera- 
turabhingig sein. Tatsichlich zeigen die bei —70° aufgenommenen IR-Spektren 


der “Ubergangslactone” einige Unterschiede gegeniiber den Raumtemperatur 
Spektren.“ Jedoch sind diese nicht so signifikant, dass eine quantitative Auswertung 
und Interpretation méglich wire 
Wenngleich somit keine der gepriiften physikalischen Methoden den exakten 
Nachweis des Neheneinanders von cis- und trans-Konfiguration bei VII, 7 8, 9 
attet, bevorzugen wir diese Hypothese eines dynat hen Gleichgewichts vor 


nterpretation mit winkeldeformierten, aber einheitlichen Esterkonfigurationen. 


EXPERIMENTELLER TEII 


. 
| 
Le 
Da l 
: - Vil ( Die katalyt. Dehydrierung des 1 : 5-Pentandiols mit Kupfer 
erwies m vorteilhaftesten. Nach Entfe restlic D els Phenyl- 
t und er Fral le ein bei 97-98°/10 Te it Praparat 
t en S cic \ er Be t ethar scher Natronlauge und Riick- 
( (Vil. » es ( nons nac Friess mit A usbeute 
N ederl te De * 11 (M 1] 1.) Sc mp 
ry Px t H drat eferte 97 d. Th Hyd [ nsaure-hydrazid 
(VIL, In einer Lésung von 6:2 ¢ heptanon (55 mMol) in 80 cc Methy- 
ler j fe n tr ke HPO ne lic te nd energi- 
Riihren lic Mol Pertrifluore 50 cc Me erhalb 30 
Stdn Rihren bei 0° und 3 Stdn bei 20 1-5 mMol Persaure 
invert t. Nac Ab le Met dphase t Nat b t und 
Wass chen. Nach Vertreiben des S bx 6-§ Torr 4 farbi. Ol Ube die 
A t f 92-pre Lactor Empfindlichkeit des H let eine 
R G sR | Nach Ver Produkten mehrerer Ansatze 
rab h i e D las reine | ) Sdp. 80-82°/11 Torr. Der Geruc st dem 
des e-€ olactor ‘ C.H,.O (128-2) Ber. C, 65-59: H, 9-44: Gef. C, 65-43: H, 9-07: 
Saurea ref. 12 
0-52 Heptanolid lieferten mit Hyd nhydrat 0-65 Hydroxy-dnanth 1ydrazid mit 
Schmp. 118-120; nach | sen aus Essige Schmp. 122-123 wie ein aus (-Br Onanthsaure 
be P paral 
\ dem Riickstand der Heptanolid-Destillation (0-92 g) wurden beim Digerieren mit Methanol 
0-42 farbl Kristalle mit Scl 9-100° lic by tzer erp C,HH.O, 
(256°4) Ber. C, 65-59: H, 9-44: Gef. C, 65-62; H, 930; Mol. ge (Rast 234) 
Die Mischprobe mit ere Praparat de c icht beschriebenen VIII, auf anderem Wege** 
bereitet ib keine Depressiotr : 
Octa d (vill ) 12-6 e Cyclooctanon (100 mMol) gaben bei der analogen Umsetzung 
mit 128 mMol Pertrifl iure 10-2 ¢ es Lacto las noch 4 Ur eifbares enthielt 
10-0 2 in 100 cc Methano len mit 4-0 g Girards Reagens T und 7-6 cc Eis 2 Stdn rickfluss- 
gekocht und nach Erkalten mit 400 cc Wasse lie 6-3 g Soda enthielten, ve t. Das t Ather 
wie Ublich ifgearbeitet fa Lacton zeigte Sdp. 72-7 Torr. (C.H,,O (142-2) Be 
67-57: H. 9-93: Gef. C. 68-08: H, 9-92: Sduredquiv. gef. 141-1) 
Fiir die At der Tieftemper rspeh Diskussio ler IR-S i wir 
Her Dr. E. B ind | K r, Max-Planck-l it fir Biochen Miinc htigem 
Dank pflichtet 
4 J. G. M. Brenner und D. G. Jones, Er Pat. 583 344 (J/mp. Chem. Ind. Ltd.); Chem. Zentralbl. 1, 404 
_ (1948); L. E. Sel pp 1 H. H. Geller, J. Ap .) 69, 1545 (1947) 
W. Dilt _M. Inckel und H. Stephan, J. Prakt. Chem.{2] 154, 219 (194 
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0-40 ¢ Lacton ergaben bei der Hydrazinolyse 96 


ydroxy-capr visdure-hydraziads das aus - umge 
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Lactone 
Die Auswertung erfo wie uDlICN fur die Reakt yn zweiter Ordnung mit gieichen Anfangskon- 
fa aa zentrationen, graphisch im Diagramm 1 '€ C, gegen t. 3 Messungen am Dodecanolid mégen in 
ae -. = Fig. 9 als Beispiel dienen. Alle Messungen wurden doppelt, bzw. bei mangelnder U bereinstimmung 
coe: der RG-Konstanten haufiger ausgefiihrt. Die RG-Konstanten fiir VII 9-16 waren innerhalb 
n Vil innerhalb 2 eproduzierba Aus den RG-Konstanten bei 3 
er | — Temperaturen wurden nach Arrhenius die Aktivierungsenergien mit Fehlern 0-2 kcal ermitteit 
| 
lie ; / 4 A 
j 7 
j 3 
Ande er Me ede Kt eine eigene Ampulle ge eri er- 
Messunge I I. Ziegler f e Auf e de R-Spektre e Dichtebes gen Dank 2 
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INTRODUCTION 


THE last ten \ hi seen a concentrated effort in the partial and total synthesis 
of steroids, occa in particular b 1e discovery of the adrenocortical hormones 
and of their physiological activity his effort has involved conducting selective 
reactions on multifunctional npounds, and protection of one type ol functional 
group again ine icliol imed at anotnel -ms desirable to 
give a 1 Se ‘actions and n f I not only for the benefit 
ide for those worku 


assume lat steroid Cc 
view the more important literature from 1948 th 
is not intended I al ve or] ricyclic intermediate 
synthesis has ut | aished in commun 


dealt wit! u ommunications men modicum of e 


rivVvE REACTIONS OI DOUBLE BONDS 


(a) rated doub j d art fi ‘ the 
&8:14- (and at the 7-) ] which are reduced talyticall ily under 
extreme 
to hydrogenat 
or triple bonds 
palladium cataly 
in the presence of frans-steroid, except 
stituted pregn-5-« repo! ve normal (A/B- nanes,* and, 
analogously, epicholesterol, wh« hydrogenat picoprostanol.? The steric 
course iyvdrog -an is in general has beer ‘plained on the 
basis of contort 

An isolated C,, double bond appe: - slightly less reactive to hydrogenation 


than one at C..’ its saturation usually giv the normal |4x-configuration 


Exper sal 
Billetter and K. Miescher He 


i 
r 1958) 
lie 
57, but it 
roid total 
; n are not 
1. Selective catalytic reduction of C=-C double bonds 
i ‘ 1j J. Cahill. N. E. Wolff and E. 8S. Wallis, J. Org. Cren 18, 720 (1953) 
K. Tsuda, K. At R. Hayatsu, J. Amer. Cl Soc. 76, 2932 (1954 
FE. B. Hershberg, E. P. O L. J A Chem. S 73, 5073 (1951 J 
oS os ‘) H. Pierce. H. C. Richards, C. W. Shoppee, R. J. Stephenson and G. H. R. Summers, J. Chem. Soc. 694 
Lew ic.W.S Chem. & li 897 (1953) 
*H.1 
LR Chin dicta 34, 2053 (1951) 
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bonds (e.g. at the 22(23)-position) are next in order of sus- 


ceptibility to catalytic hydrogenation, and this can often be effected with Raney 


Side chain double 


nickel catalysts in cases where the A’ —>+ A®™" shift. which occurs with palladium, 


atinum in acidic (though not in neutral) media.* is undesirable. The acid 


catalysed A®?*” —- A™ migration does not occur in certain cases.” 
Double bonds at ¢ ,or¢d, 4 n maleic anhydride adducts of 5:7- or 7 14-dienes are 
not aflected when a side chau double bond is hydroge nated Ao | | e stepwise and 


selective reduction of 5x:8-epidioxides of 5:7-dienes, of importance in the production 


ot Se-Nvaroxy ¢ ostanc ind -choiestane derivatives lds described in detail 


4 C.-double bond in 9/H-steroids can be catalytically reduced even before one 


n the side cna tcric AIC Lie CHaAVIOUT 
} } } ' rat le 
9(11)-double bond. which ts inert to drogenation in A/B-cis-steroids but less so 


in A/B-? steroids 


§:7:9(11):22(23)-tetraene reduced the ord \ \ \ 


\* 


tone 


palladium catalysts under 


neutral or tly alkaline conditions before a A*-3-ketone 1s reduced In other 


H. H. 1 ifen, G. Stoeck, G. Ko ng and U. Stoeck, Liebigs Ann. 568, 52 (1950) 
W. S. Johnson, E. R. Rogier, J. Szmuczkovicz, H. I. Hadler, J. Ackerman, B. K. Bhattacharya, B. M 
Bloom, L. Stalmann, R. A. Cleme B. Bar ter and H. Wynberg, J. Amer. Chem. Soc. 78, 6289 (1956) 


rer and H. Asmis 
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tive hvdrovenation of ( C-coniueated doubl bonds 4 
ing aney nickKci or copper chromite catalysts, tess advanta 
ae geously with palladium or platinum.”:** In conjugated diene systems represented by ge ee 
enol ethers or enol acetates of insaturated ketones the -double bond can be 
selectively drogenated using palladium oiving an A/B-frans-junction tf it ts 
at the 5-positior 
eiect CaLarylic reaquctions unsaturated ave yeen 
described.!-2* (Table 1.) 
nan hydrogenation in these tems depends to a large extent on the catalyst and solvent res 
employed: and for t re yn a relatively large number of examples are given ee 
ee It is reported that double bonds at C,, (including A’*-20-kemmms), C,-. C., 
2 
and ethinyl groups at ¢ can be hydrogenated wih 
oa cases the presence of pyridine favours the selective reduction of a carbony! conjugated 
H.W WwW. B { 554. 
oO. ™M DH. ike ( 1) ci 1021 (1952 
R. B.¢ Cc. H.B.H est, E. R. H. Jone B. J. Love Silverstone 
= R. B. H. B. H E.R. H. J IC 2015 (19 
H. E.R. G. W.W G. F. Woo 
a8 b). J. Elks, R. M. I D.E.H LF.O G. H. Tho I. Chem. S 2921 (1953) 
‘A. ( H. B. He t, E. R. H. Jone nd A. A. W Che 5 $20 (1955) 
are J}. Elks, R. M. I C. H.R G. H. 1 ind L. J. Wyman, J. Che , 2933 (1953) 
B. F. V.R. M E.C.K B Che 175, 249 (1948) 
a3 L. FI 1. E. Her iW. Hu J. Amer. ( Soc. 73, 2397 (1951) 
oe K. Heusler, H. Heusser and R. Anliker, Hele. Chim. Acta 36, 652 (1953) 
aS G. D. Laubach and K. G. Brunnings, J. Amer. Chem. S 74, 705 (1952) 
See R 
os, W. R. Nes and E. Mosettig, J. Org. Chem. 18, 276 (1953) 
oe L. F. Fieser, M. Fieser R. N. Chakravarti, J. Amer. Chem. Soc. 71, 2226 (1949) 
a; *G. Rosenkranz, J. Romo, E. Batres and C. Djerassi, J. Org. Chem. 16, 298 (1951) "2 
es ** H. H. Inhoffen, G. k G. k 11. N Ber. 84, 361 (1951 
Karrer Hele. Chim. Acta 35, 1926 (1952) 
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TaBLe 1. EXAMPLES 


Compound Conditions 


Pd/C, EtOH 
Pd/C, EtOH 


ICCTOX\ inar 


R apala and I 3 194 

M er and S. Ber tell re ' . 1161 (1956) 

P idon, J. M. Fabiar é . nd G. W. Wood, J 

R ntonucci, S. Bert tte ind W { 
Neumant 

S. Bernstein ind 


J. Ore 


V. Ruyle, I hamberlin hemerda 
J. Amer. Chem. S 74, 
J. Elks, R. M. Evans, 


Thoma 


- 
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reduced at 
Acetoxy | /-methy! androsta 16 or 17(20) 
5:16-diene and -5:1/(20)-diene configuration] 
3$-Acetoxy |7-methy! androsta 3] 
| 
38-Acetoxy 17-keto 13-iso 5[17-hyd \ 7 
indrosta-5 :14-dien¢ 
Zyn sic [8(9):22(23 R N Benz 22 32 
33-Hydroxy cholesta-5 :7-diene RaNi, Dioxar 18 
3-Ethylenedioxy cholest RaNi, EtOH, Et,O . 33 
5 :7-diene 
30:17$-D Osta Pt, EtOAc 34 
35-Acetoxy cholesta-6 :5(9)-diene Pt, EtOAc 2 
no spilt oF 4 
4 
38-Acetoxy 22a-spirosta-5 :7-diens Pt, ), 24 
38-Acetoxy 22a-spirosta-5 enc RaNi, Dioxar . 
Ergosterol acetate RaNi, Ben 20, 36 
Ervost« ce C uC rO 
36-Acetoxy ergost W11):22(23) CuCrO 
trier 
38-Acetoxy ergosta-7 :9(11):22(23) RaNi, X 22 22 
tricene 
38-Acetoxy ergosta-7 :9(11):22(23) RaNi, EtOAc 22 19 
trier 
38-Acetoxy ergosta-7 :9(11):22(23 Pt, EtOAc 22 3¢ 
trienc 
38-Acetoxy ergosta-6 :8(14):22(23 RaNi, Dioxan 20 
7 
3 Acetoxy ergosta-&(14) Pt. Dioxar 
diene 
3$-Benzovloxy ergosta-5 Pt, Et.O, HOAc 5, 14, 22 10 
14:22(23)-tetraene nving A-3(14) 
Methyl 3/-acetoxy bisnorcho RaNi, Benz 36 
5 cienate 
i 3$-Acetoxy 7-keto ergosta Pd/¢ EtOAc » 22 37 “ 
9(11):22(23)-diene HOA 
Che 2402 (1951 
Ch 17, 1341 (1952 
73, 5478 (1951) 
I Aliminosa and R, L. Erickson, 
s, J. Chem. Soc. 451 (1954) 
ae 
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over an isolated double bond. Catalytic reduction of a A'*-20-ketone and reduction 
of a 14:16-diene-20-ketone with sodium and propanol, or lithium and liquid ammonia* 
leads to the normal |7/-configuration, but total catalytic reduction of 14:16-dienes**®-”” 
or of 14:15-epoxy 16-enes*® leads to 14/:172-steroids 

Catalytic reduction of A*-3-ketones usually affords a mixture of products 
containing an A/B-cis- and A/B-frans-junction;" ™ a trace of alkali increases the 
proportion of the former. However, hydrogenation of 11/-hydroxy and 1I1-oxo 
A‘-3-ketones leads to an A/B-frans-steroid,"® and the A/B-frans-junction is always 
formed on reduction of A*-3-ketones with metals in liquid ammonia, with or without 
a proton donor 

The resistance of the C,-double bond to hydrogenation extends even to the case of 
a A’-6-ketone,™ while A*®)-7-ketones and 1-diketones can be reduced both 
catalytically and with zine and acetic acid to give the normal (9xH:8/H) B/C-ring- 


junction.**’ This is of interest in connexion with the report that catalytic reduction 


of A*”-1l1-ketones gives an 82H:9xH-steroid,” even in case where the C/D-ring- 


junction is cis.*® 
A number of remarkably specific catalytic hydrogenations in synthetic intermediates 


have been described, and some are shown in the examples given.*’~°" (Table 2.) 


TABLE EXA 


rbony 


Pd/SrCoO.,, i-PrOH 


16-1 


Wit) 


3a-acetoxy, 20-one, 7:16-diene Pd/EtOAc, Pipe line 16 53 
3 toxy, 20-one 16-diene Pd/EtOAc, Pipe line 16 54 


Pd/C, EtOAc 


¢ 29, 942, 949 (1946) 
‘. J. M. Chemerda. E. M. Chamberlin. E. H. Wilson and M. Tishler, J. Amer. Chem. Soc. 73. 4052 (1951) 


*“ C. Djerassi, W. Frick, G. Rosenkranz and F. Sor eimer, J. Amer. Chem. Si 75, 3496 (1953) 
*" C. Djerassi and G. H. Thomas, Chem. & Ind. 1228 (1954 
* L. B. Barkley, W. S. Knowles, M. W. Farrar, H. Raffclson and Q. E. Thompson, J. Amer. Chem. Soc. 76, 


$014 (1954) 


* L. B. Barkley, W. S. Knowles, H. Raffelson and Q. E. Thompson, J. Amer. Chem. Soc. 78, 4111 (1956) 
* P. Wieland, G. Anner and K. Miescher, He Chem. A 36, 646 (1953) 

R. B. Woodward, F. Soridhecimer, D. Taub, K. Heusler and W. H. McLamore, J. Amer. Chem. Sox 74, 
4223 (1952) 
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Compound Conditions Ref 
1; fane deriva 
+$-hydroxy, 17-one, 16-methylene Pd/C, EtOH 16-methylene 
>-cne 
176-hydroxy, 17a-vinyl « Lij/NH 4 in both cases 
4 ethinyl, 3-one, 4-ene (A/B trans) 
3//-acetoxy, 17-ethoxycarbony Pd/CaCO,, 160) 14H) 39 
S:14:16-triene 
3-one, |, Pd/SrCO 4, 16 (mixture ol SO 
4-9(11):16-triene 4/B-cis and trans) 
3-one, 17-formyl, 4: : rienc 16 48 
(allo) 3/-acetoxy, 20-one, 16 9 
8( 14): 16-diene 4 
oh * H. Heusser, M. Roth, O. Rohr and R. Anliker, Chim. Acta 38, 1178 (1955) 
"HH N_ { 33. 12 194 
ao * E. P. Oliveto, C. Gerold and E. B. He erg, J. Amer. Chem. S§ 74, 2248 (1952) 
aes 
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( ompound 


(allo) 3p-acetoxy, 20-one, 
9(11):16-diene 
38-dihydroxy, 20-one, 5:16-diene 
38-acetoxy, 6-methyl, 20-one 
5:16-diene 
-acetoxy, 12:20-dione, 5:16-diene 


12:20-dione, 5:16-diene 


vienedioxy, 20-one, 


11$-lactone, 5:16-diene 


rgostane derivatives 
jeacetoxy, 7-one, 8(9) 
3/-acetoxy, 7:11-dione 
acetoxy, 
7 :22(23)-die 
one, 4:6 
[isoergosterone] 
3-one. 4:6:22(23)-ti 
[isoergosterone] 
3-one, 4:6:22(23 
[‘soergosterone] 
+ 


3-one. 4:6:22(23)-triene 


soergosterone) 
wetoxy, 7-one, 5:8(9) 
riene 

jeacetoxy, 7-one, 5:8(9) 

triene 

3-acetoxy, 7:11-dione 
8(9) :22(23)-diene 

3-acetoxy 7-one, 5:9(11) 22(23) 
triene 

38-acetoxy, 5a-hydroxy, 6-one 
7 :14:22(23)-triene 

}-acetoxy, Sa-hydroxy, 6-one, 
9(11):22(23)-triene 

:5a-diol, 6-one 7:9(11):22(23) 


triene 


22a-Spirostane derivative 
3-one, 4 7-ciene 
one, 4:7:9(11)-triene 


3-one, 4:6:8(9)-triene 


Synthetic interme diates 


TABLE 2 (contd.) 


Conditions 


C, EtOAc 


EtOAc 


CaCO., MeOH 


BaSO,, EtOAc, 45 


CaCO,, EtOH 


C, EtOAc 
C, HOAc 


dioxan, EtOH 


SrCO... benz 


C, KOH, EtOH 


KOH, EtOH 


EtOAc 


EtOAc, HOAc 


HOAc 


C, HOAc 


i/CaCQO,, benz 


CaCoO,, benz 


NH 


Pd, dioxan, KOH 
Pd, EtOH, KOH 
Pd, ELCOH, KOH 


Pd/SrCO.,, i-PrOH, 


NaOH 


Double bond 


reduced at 


6-one —> 6x-hydroxy 


Sa-hydroxy > Sa-H 
4 (A/B cis) 
4 (A/B cis) 
4. 6 (A/B cis) 


Product 


A 
ihe 
273 
Ref 
16 56 
$7 
16 58 
3f-acetox), Pt, Hi 5, 16 
21-acetoxy, 3-cth 16 60 
18 
22(23)-diene Pd 22 3 
§ :22(23) Pd §, 22 37 
+ 
6-one, Pd/C, 22 
4, 6 61, 62 
(A/B cis) 
Pd/C, 6 62, 63 
tion of OH’) 
Li/NH,, MeOH 6 “9 
RaNi, 
Zn, 64 
5. 22 37 
14, 22 44 
a 9, 22 44 
44 
53 
65 
66 
© 


WENTHAI 
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Com Conditions Ref 
educed at 
P LtOAc 49 
’ 
Pd/SrCO PrOoH ’ 
’ KOH 
KOH 
P ov) 
FN O.M F.S ( 77. 195° 
H. 
R. E. Mark 71 
H. A.W 5. M. O 22, 182 
4 V. D. Po 62 + 
: R.A ) 1A. ¢ B.A. R. P. Ho G. Slomop. J. E. Stafford 
‘E. M. Cl W.V.R A. M. la, L. M. Alu osa, R. L. Ericksor 
he R. G. R kr ic. D |. An 73, 4654 (1951) 
* C. R. G. Rosenk Amer. Ch Soc. 74, 422 (1952) 
P. Wieland, H. Ucberwasser, G. Anner and K. Miescher, Helv. Ch icta 36, 1231 (195 
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(c) Compounds containing acetylenic linkages. 
partial or even total saturation of an 
is reduced. The 


it seems to be possible to effect 
17-ethinyl group* before a 4-ene 3-ketone group 
opposite result can be achieved by metal/ammonia reduction, in 
which the ethinyl group 1s protected by its metal derivative. (Table 3.) 


TABLE 3. EXAMPLES 


Compound Conditions Group educed 


) ithout 
d enolys wit] saturation of 
ted double bond with s n an 


1 
A double bon 


-d during ca tic hvdrogenolysis (Pd/C 
EtOH) of a 16a-be1 Ox 


doubly 
unsatura lleled by ne | tive 
epoxide ring in 


or Zn, HOAc) 


hvdrogenolysis of the 


ketone (Pd/SrCO -PrOH, KOH: 


-EPOXy 


ll. Selective epoxidation of doubt 


Many examples of selective epoxidi 
work on compound 


is related to ergosterol 1 


particularly in 


1-oxygen function. The often comp! cated 


and subsequent 
9(11)-dienes (with bot! 
adequately 


introduction of an 
to epoxidation ol pera l have been 
Outstanding fea (i) the resistance ol 


K. Eichenberger and ttner, H | 
rand H 


W. Corcoral! 
dimer. Chen 


1owles 
Cornforth ‘ m. Soc. 224 (1953) 
Klyne, Ann. Rep 1 oc. 230-233 (1954) 


Rel 
17 
3-} ] *thiny! 3 
178-Hydroxy 3-keto /a-ethiny! Pd/CaCO,, Py | 7-ethir 
vinyl 
176-H xv 3-keto 17x-ethiny Pd/CaCo.,, Py | 7-ethinyl 68 
19-no lrost-4-ene Vviny 
17)-H y 3-keto 17a-ethiny Pd/C, dio 17-¢ ny 
ana46ros 
| 3-keto | Li/NH $-ene (A/B trans) 52 
Lr 
17 ro Pd/CaCO,, Py 17-ethoxyethiny 69 
17 hir nairost etnor vil 
(d) Miscellaneous selective catalyt jrogenations Catalytic reduction Ol the 
ae double bond in a A*-3-ketone can be avoided D rmation of its ethylene glycol ketal 
nd resulting shift of the double bond tot S-] tio! for example in the catalytic 
be red 
Tactic 
| been described, 
A. Sande 
148 (1955 
** H. Heus 
E. Fernho 
S. Rothman and M. W 8, 14 
PA. Erc ind P. de Rugg G 85, 1304 (1955) 
B. Camerino and C. G. Alberti, G 85, 55) 
$4) 
H. Hirschmann, F. B. Hiv mann and J 1, J. Ore. CI 20, 572 ) 
4 W Soc. 79, 3212 (1957) 
Ww 
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Compound Conditions Product Ret 
Ergostane deriva 
4) :22-chene Excess perben: 8 :142-eporice 
-Sad 
cic 
MeOH 
: 
i 


Selective reactions and modification of functional groups in steroid chemistry 
the 22(23)-double bond to epoxidation, and (ii) the initial formation of the 9:lla- 
epoxide from 7:9(11)-dienes in both A B-cis- and A/B-trans-steroids (even in the 


case of a 7:9(11):20(22)-trien-22-ol acetate) Examples have been chosen from cases 


where additional functional groups might be liable to introduce a complicating 
facto! 


Carbonyl-conjugated double bonds are generally unaffected by electrophilic 


epoxidation (exception an ‘noxidised with hydrogen peroxide and alkali. 


It appears possible in this to differentiate between a ketone-conjugated and aldehyde- 


conjugated double the lat b mo! attacked 


Some detailed work has been done on the selective epoxidation of compounds 
ng cetal n con! wit troduct 7, the 
cort ge ¢ suc ire ed ) pre ga 
peracids”’ and the differential behaviour of 20:21-epoxy- and of 20-epoxy-20-ol 
acetates on heat orc omatograp On silica (Table 4.) i 
it ¢ nd connexio! th the « tn I he 
1. } 72 
| ) 74. 4 
R BM G.S 
ws > } ( | 6 3 
Mt \ \. Nich W F_R 
GES Mi 73 
H. L.. Slates in. L. W { ch 78 
| 
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XAMPLES 


HOB 


Silver acetate, 1odinc 


HOAc, H,O 


5S, 
Comp Reagent Product Ref 
- 
:4-acetoxy, 20-one, $:16-dier KMnQ,, acetor 16:1 0: 
HOAc 
-acetox t.one. 4 ‘ HO ce of OsO) ‘ 1034 
; tor K Ving) ceton oO 04 
HOAc 
1 
cm ‘ 
lene Os 
O 
Ergost K MnO,, met :62-dio NS 
ig 1100 
HOAc, H,O 
(ist) 
On | 4 
in, OsO, 11. 
cH 
OsO, Hy 113 
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Double bonds at the 9(11)-position are inert in A B-cis-steroids®® and in 5:8 
epidioxyergostane derivatives.'°° but are hydroxylated in the A/B-frans-series, as 1s 


observed with epoxidation and electrophilic attack in general. (Table 5.) 
1\ Se le clive ozonisation of double hon Is 


In contrast to peracids and hydrogen in the presence ol catalysts, ozone will in 


most cases attack specifically a side chain, as against a cyclic, double bond. This applies 


both to isolated and enol acetate double bonds Selectivity, and improved yields of 
resulting side chain aldehydes and -ketones have been found to be enhanced con- 


siderably by the f pyridine’ ' ind by conducting the « 


{ Table 6.) 


as possible 62 


B. MODIFICATION OF DOUBLE BONDS 


It appears that bromine or chlor! i iti louble bonds r protection 


against oxidation) does not always crentiate between isolated nuclear and side 


chain double bonds, at least u ipounds related t rgosterol, ev ough the 
selective addition Ul it | \ i iy | | | to the ( 

double bond in stigm: ol has been reported \ t regeneration 


of double bonds f1 ihalides is more selective has been sl n’- that 


sodium iodide (in acetor I] nerate ; iclear double bond from its dibromide, 


55.9 


leaving a 22:23-d! 11 


from which the double bond is regenerated only with zinc 
in acetic acid. 22:23-Dihalides are stable also to catalytic hydrogenation conditions, 
though not in the of 
D. Go 

R 


P. Wie 


) tract iCS 129 meeting, 30N (1956) 
R. H. Jones. G. W. W ( F. Woods. J. Chen 4890 (1952) 


J. Amer. Chen . 2183 (1982 
Che 


ila Mukerd } Che Soc. 78, 501 
Hey, J. Honeyman and Peal, J. Chem. S$ 2881 (1950) 
). Smith and E. § , r Ch 19, 1628 (1954 
M. Chamberlin, E. Tristram tne ar J. M. Chemerc 
A. McEwan and F. S. Spring, J. Chen «. 3646 (1952) 
J. Paterson and F. S. Spring, J. Chem. S 325 (1954) 
14 R. Budziarek, R. Stevenson and F. S. Spring, J. Chem. Soc. 4874 (1952) 
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Zonisation at as 
JOL. low a temperature i. 
By halogen addition 
Gs. B. I iV. Pet S 4377 (1955) 
G. B. F. iV. Pe Ic} $373 (1955 
K. Miesche { 33. 184 50 
‘BLT F. Hart V.P iD. We ke CH 438 
LH dK. Mi Chim. A 34, 259 } 
*R. P. Graber, A. C. H W Chem. S 75. 4722 (1953 
R. Hit na C. S. Sno in. L. W J. A Ci 75, 
G. Poos, R. M. Luh G. E. Arth and L. H. A Ci 76. $4 
S. Bernstein, R. | W.S.A M. Heller, R. I S. M. Stolar, L. 1. Feld R. H. Blank , 
J. Amer. Chem. 78, + (1956) 
5 J. A. Ho P. F. Bea A. H. Natl FHI W.P.S der. B. J. Magerlein, A. R. Hanze and 
R. W. Jack J. Ar ( 77, 443 
G. B. Spero, J. L. Thor B. J. Magerle 4. R. Hanze. H. C. Murray, O. K. Sebek and J. A. Hogg 
J. Al Chem. S 78. 6213 (1956) 
G. Poos and L. H.S A Chem. S 78, 4100 (195¢ 
L. H. Sarett, W. F. Jo R. E. Bevler. R. M. Lukes, G. 1. Poos and G. E. A J. Ame Chem. Se 75, ; 
7112 (1953) 
‘J. Sch n. Gs. A er. J. R. Billeter, K Heusler, H. | eberwasser, HEEland and A Wettsteir He ; 
Chis { 40. 1438 (1957) 
P, Bladon, H. B. Henbes 
: 4 17 R. B. Moffett and D. I. Weis! 
(1956) 
eo c. 79, 456 (1957) 
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TABLE 6. EXAMPLES 


Compound Conditions Product 


Fucostero 24-ketocholesterol 


Stiemasta-4 :22-dien-3-one hain aldehyde 


side ¢ 
side chain aldehyde 


22-triene 


CPOXy 


»0-ketone 


Complications may ensue in the presence of ketone or «:$-unsaturated ketone 


groups A carbonvl-conjugated double bond adds bromine less readily than an 


isolated double bond, especially in the presence of acetate ion,),42>-228 but in the 


presence of a saturated 20-ketone x-keto bromination appears to be 18° 


R. K. Ca 
H. He 
H. H. 
S. Kauft 
ind W 
id A. Romo d 


Ref 
115 
cn ae, 
> 7 
Ergosta-6:9( 11): cic 2 equivs. O side chain acid 4 
ni 
33 :Sa-Diacetoxy FrOAc side chain aldehvde 
38-Acetoxy 5:8a-epidioxy- ergost btOAc 70 side chain aldehyde 
9(11):22-diene m cid 
33 :21-Diacetoxy preer Methylene I 1 /-carboxylic acid 
Mixture of en cetates [rom CH¢ Progesterone 11s 
bisnorchol-4-en-22-a 
Enol « f 
43 -5Sa-Diacetoxy 9 { 0-ketone 
35-Acetoxy LtOA { -ketone 116 
33-Acetoxy bisnorchol-5-er CH 118 
VWisceliar 
Py, CHC] 114 
Methylene chloride 119 
‘ 
iim H. Taylor, J. Chem. Soc. 2299 (1952) 
eee N. Frick and P. A. P ner, He Ci i 32, 1326 (1949) 
1K. Brueckne Chem. Ber. 87, 593 (1954) ; 
ra. G. Rosenkrat nd F. Sondheimer, J. Amer. Chem. Soc. 78, 1738 (1956) i 
ne Amer. Chem. S 72. 362 (19% 
Vivar. J. Amer. Chem. Si 79, 1118 (1957) 
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Il. By other methods 

Reversible 3:5-cyclosteroid formation, applicable to 5-ene-3-ols, has been used 
occasionally to protect both the 3/-hydroxy group and the C;-double bond against 
oxidation and epoxidation, usually in the form of 6-methoxy i-steroids.*7»79.31-™ 

Nitration of the C,-double bond in stigmasterol has been used for its protection 
during ozonolysis of the side chain double bond; the nitroethylene group was 
subsequently reduced to the 6-ketone.’*° 

It has been suggested® that a suitable form of protection of a double bond might 
be the diester or acetonide of a cis-glycol, which may be reconverted to the olefin by 
treating its ditosylate or dimesylate with sodium iodide. This sequence has been 
employed in 2:3-dihydroxysapogenins,*--**’ where it appears that the last step is 
applicable to the dimesylates of 2x:3%- and 2«:3/-diols, but not 26:3f- or 2p:3a- 
diols.” 

The double bond in «:/-unsaturated ketones can be protected as the epoxide 
(formed with hydrogen peroxide and alkali) from which its regeneration is possible 
by mild reduction with chromous ion.’ The possibility of protecting other types of 
double bonds as epoxides and their regeneration by reaction with triphenylphos- 


phine’*” is attractive but as yet unexplored 


SELECTIVE REACTIONS OF CARBONYL GROUPS 


re reduction 
lhe order of selective reduction of steroid ketones by metal hydrides, in particular 
sodium borohydride, has been summarised and e¥ -mplified by a number of 


It is stated to be or 20- \*-3- 11-ketones, both in 
4 /B-cis- and A/B-trans-steroids. It has been pointed out that this order is paralleled 


hat of decreasing oxidation potentials of simple alicyclic analogues of such 


ketones 
However. a relatively minor change in general stereochemistry may affect this 


the selective sodium borohydride reduction of 8-isoandrost-4-ene 


dione was unsuccessful.!* 
Selectivity in reductions with borohydrides appears to be substantially increased 
in the presence of pyridine.”*1*.441 


Catalytic reduction, at any rate with nickel catalysts, appears to follow the same 


order as with borohydrides, though selectivity is generally less and dependent on the 


75, 1286 
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state of the catalyst. Platinum or palladium catalysts seem to have been employed 
only when one of the ketone groups is highly hindered, this is illustrated by some 
interesting work on tricyclic intermediates." Meerwein-Ponndorf reduction 
appears to affect only saturated and unhindered ketones.'**" Wolff-Kischner 


reduction reduces all except 11l-ketones under the ordinary Huang-Minlon con- 


ditions °°." the 11-keto group can be reduced by a special procedure involving 


a completely anhydrous environment 1a 


The stereospec itv of the reduction of ketones to alcohols has been studied in 
detail. An earlier review™® has generalised that with metal hydrides an unhindered 


ketone vives the equatorial and a hindered ketone the axial alcohol: Meerwein- 


Ponndorf reduction vields a larger proportion of the axial epimer,’”* while 
} 


catalvtic reduction gives the axial alcohol in acidic and the equatorial alcohol in 
neutral or basic media ater Vv las o the following conclusions: Reduction 
with sodium borohydride “steric control” to give a greater proportion of the 
axial epimer (in this connexion the formation of the 7z-alcohol from 7-keto cholanic 


acid’ is of interest), while w lithium aluminium hydride “product control” giving 
the equatorial epimer pre inates.*” omparison of products obtained by 
lithium aluminium hydride and catalytic reducti has also been made: with 4-, 6-, 


7-and 1l-ketones the same r rati obtained by both methods: with 2- 


_ or 12-ketones it may vary rding * method used 
11-Ketones on reduction with metal hydrid rive mainly the 11/-(axial)alcohol,’™ 


though with lithiu yrohy de some of the epin is formed: this is given 


preponderantly on reduction with sodium and ; ls or with alkali metals and 
liquid ammonia in the presence of a proton donor." From 20-ketones the 


208-alcohol is the main product of reduction by nearly all methods: the 20x-epimer 


is obtained on reduction of 6.90-ketones or 16x%:172- poxy-20-ketones with sodium 


and alcoho! 
In the borohydride reducti cet ters in alcoholic solution ester exchange 


or wit! 


is always a possibility 


enol acetal 


Enol acetylation affect unt -unsaturated and unhindered ketones, roughly 


in that order 4 further degree selectivity is provided by the use of different 


Dy 


ag ae 
a 
— 
ll. formation 
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TABLE 7. EXAMPLES 


Functional groups Method Product Ref. 


indrostane derivatives 
3:17-dione NaBH, 3p-ol 140 
5$-H, 3:17-dione NaBH, 140 


3:17-dione Deactivated RaNi 


3-ethylenedioxy, |1:17-dione Pt, Py 17f-ol 166 


Pregnane derivative 
(allo) 3:20-dione NaBH,/Py 3p-ol 142 
dione NaBH, 3x-ol 4 

I! Pt 


20 


acetoxy 20-dione 


Pt 
Pt 171 
NaBH, 


Pt, Py 


3x-acetoxy, 17a-ol, 11:20-dione Pt, HOAc 20 173 
4:17«-diol, 11:20-dione NaBH 20/-ol 174 
38:176-diol, 11:20-dione NaBH,, reflus 118:20f-diol 174 

ol, 21-benzylidene, 11 :20-dio KBH, 3a :20/-d 161 
3a-ol, 21-ber dene, 11:20-dior LiBH, and 161 


21-benzylidene, 11:20-dion LiAlH, 1-benzy 161] 


RaN 


3:11:20-trione NaBH, Py 


3:11:20-trione NaBH, EtOH 3 »0 145 
(allo) 3:11:20-trione RaN 3H-o 175, 1 
(allo) 3:11:20 yne NaBH,, Py 142 
17x-ol, 3:11:20-trione NaBH,, aq. Py ol 72 
21-acetoxy, 17-ol, | :4-diene, NaBH, 20/-o | 


3:11:20-trione 


Other compounds 


3)-Acetoxyergosta-22-ene 7:1 1-dione Meerwein-Ponndorf 7p-ol 155 
; Acetoxyergosta-22-ene 7:11-dione Alc. KOH ol 155 
Allo-22a-Spirost-8(9)-ene 3:7:11 RaNi 178 


trione 


Synthetic intermediates 


Meerwein-Ponndorf 


LiAIH, (on enol ether 


of unsatd. ketone) 
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4 
(34°%) ol 
6Y 
4x-hvdroxy. 1] 
= (alio) %”) etoxy dione 
ll «-acetoxy, 3:20-dione 
studied] 
34:17a-diol, 11:20-dione 0 166 
5 
7 i i; 
(allo) 11 ) 2l-acetox dioxa 4° 
Wad ¢ 
142, 
144, 145 
an 
1/9 
: 150 
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Func nal group ns Pre K Ref 
evna a 
11 -20-dione Ac.O e, 3:2 184 
§a-ol 11 :20-dione Ac,O $x-acetate or 184 
. 11 :20-chone Ac.O, TsOH, 1 17020 
; 85. 186 
allo) 3 xv. Ac 0. Ch HCW 
; cy. } } " clic 
lef 
On 
; Act) — 
70 
4 74 
74 
‘ 73 
Pp Ww 
} 74 
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reagents: isopropet milder than acetic anhydride in the 
tal it in ger esults appear to be capricious <¢ 


sulp! onic acid cata 
on small iation cchnique. The course o 


0-keto st 


issium 
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¥ 
oresence of 
enol acetylation ol 
croids, of importance in the construction of the cortical side chain, has 
b i le A 
een adcquat¢ ed 
oo ag: a In many cases lack ol lectivily enol ac tylation is compen ated for D ectivity 
a More detailed quantitative studies have shown that propeny acetate reacts 
main with nsaturated ketones i st Saturated 2<U-Ketones Ihe selective 
: examined in detail (in this ca carbon tetrachloride, acetic anhydride and 50 
perchloric acid as cat been found to be optimum conditions).* 
Aldehvde Ip co erted ) acel es eve \ dride in 
lienol acetate of progesterone reacts select at e 5-double 
ae bond with N-iodo succinimide; n 1 result 6-iodo 4-ene 3-ketone the 
: 0) | 20-0 acetate could be obt ao reaquction wit sodium Disult te 
oo Progesterone can be dialkylated in the 4-position (methyl iodide, potassium % 
On the ot ind, ac CC yreferentially ) yf saturated 
A 
on the Zl-oxa tne ODS ed \ -“KeLO ne n 
the tter casc ACOs Ol ac esi ‘ bod tel ch. atte 
bromination, a Favorsk earrangement wv ybtained only ir de An 
d or potential 1l-ketone group (: I nthetic intermediat nafiected when 
Later at ot r positions ar ted - Of interest tw nies of 
rather an a Saturated ketone group 
Vucl attack on Ketone groups 
| | i } 
Unsaturated ketone groups appear to be less attacked dium 
cetvlides than saturated ketones’™ though protection of ft former by enol ether 
rr ketal formation is advant ‘ous in this reaction.*” The select K noevenagel 
reaction ata $-KeTtTone LTOUD WILN Cyanoacel CT tne case OI de vadrochnolate 
has been reported The group in |-keto cholanate is 
nert to Grignard reagents, to the extent I Barbier W and de ad m of the 
ester group is possible without complications 
4 D. K.P V. Pet A.S B. St 1400 (1956) 
W K.H H. } ( { 40, 
F HJR i G.R F.S in ( 78. 24 


\ Ele trophilic attack 


on ketom 
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In 11:17-diketones the 17-keto group can be attac ked selectively by peracids, to 


give a single or 
peracids 


while 12-ketones 


mixture of ring D lactones 


rive the C-lactone 16:17 


1%? In allopregn-16-ene 12:20:dione 


z-epoxide 11-ketone groups are inert to peracids 


to vive only a single ring C lactone.*™ The selective 


3- and 12-ketones, by the action of dry hydrogen 


peroxide, has been described 


Vi Selective 


The 
by theu 
mono- 
ketones! or 
in A/B-cis 


of 3-ketones 

Ketones on dibromina 
Oestrone can be 

mercuric 

of ketone 

acetate 

of hypohalous acid 

Section B.I1) may b 
Ihe dehaloge 


been discussed in 


Vil 


3 
3-ketone ‘ 


Ste roid 
reduction 


remarkably 


etones, 


M isc el aqneous react 


governed mainly 


| Ketones 


sc of bromination 


Cou! 


steroids detail.*" 20- 


i ] 21-d 
<dinated in t 
¥-Keto brominat 
double bon 
iddition 
sce 


acetate 


20-ketones'** has 


compounds by 


on 3-ketones 
ketone groups at 


a number ol 


‘ 
202 
202 
=! 
nation of ketone 

: hus, 3-ketones in the normal and a series can be ; 
ketones®.203,20%- 212 are affected. The 

and 

on give tl 
c acid." 
selective 
of halo 3-ketones*"* and of 17:21-dibromo- 
sencral terms 
can be selectively converted to 3-methoxy 
cali n methanol containing hydrogen bromide.*"" 
The specihic action oO! seici 1m d OX de Dut 
and to give | :4-dicne-3-ketones, without affecting 
other positions or the cortical side chain, has been reported by Ei 
D. H.R. B N A 698 
A. Las Ss rR } ( 40, 
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workers,'™*.*"7.248 though some of their results have been disproved to a certain 
extent.*!” 
D. MODIFICATION OF CARBONYL GROUPS 


By elycol ketal formation 


Protection of ketonic groups by ketal formation with ethylene or other glycols is 


one of the important aspects of steroid chemistry. Such ketals are stable to practically 


every kind of basic environment, including Huang-Minlon reduction**° and the 


(where 


strongly alkaline conditions needed to hydrolyse a tertiary ester group,™ 
the presence of a free ketone group led to the destruction of the molecule). They 
are however cleaved by base yielding ethylene glycol enol ethers in cases where they 
become part of a vinylogous /-diketone system.**.*** 

By choosing appropriate mild conditions ketal groups are ordinarily unaffected 


by acylating agents in pyridine, such as acetic anhydride,*** acetyl chloride,?™ 


p-toluenesulphony! chloride,” 


methanesulphonyl chloride ;**’ and by dehydrating 


agents such as phosphorus oxychloride’®*.---".*%* and thionyl chloride (generally 


11 


below 0°).*!.* They are stable to organic peracids under suitable conditions,“4.* to 


osmium tetroxide,”’:*.* and to periodic acid in the presence of pyridine."!*.**,226,255 
Suitable conditions (usually with oxalic acid) have been found for the selective 


234 


cleavage of enol ethers, such as obtained by Birch reduction of aromatic ethers 

and even for the rearrangement of an ethoxyethinyl carbinol (with dilute mineral 
acids in the presen of tetrahydrofuran or dioxan as Lewis bases),”*’ without 
affecting a ketal group. It has been reported” that the 3-ethylene glycol ketal of 
16-methoxycarbonyl androst-4-ene 3:17-dione was cleaved by aqueous dioxan at 
200°; in this case the /-keto ester could be decarbomethoxylated (without affecting 
the ketal) by heating in p-cymene. 

Ketals have been shown to be reasonably stable to conditions used for enol 


lactone formation (refluxing in acetic anhydride),*:® and to N-bromosuccinimide, 


> 


preferably in the presence of potassium carbonate.*.***." ve 1ercul acetate 


dehydrogenation in acetic acid® and oxidations with tert. butyl chromate (entailing 


He 


»and J. Pike, J {mer. Cher 
M. Robinson. W. F. Johns. M. F 


J. Sax and J. H. Williams 
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treatment with acetic and oxalic acids) can be carried out in their presence. If 
hindered (for example as the 3-monoketal of a 4-chloro-3:20-diketopregnane) they 
can survive bromination (at C,,) with bromine in chloroform.™*.**° They are 
unaffected by the chromic acid-pyridine complex."*-"” 

Apart from their obvious use as protecting groups ketals have found use in 


shifting the easily reducible double bond in a A*-3-ketone to the difficultly reducible 


C.-position.“" An interesting use is described in > synthesis of 14-isooestrone 


methyl ether. during which a 16-bromo as dehydrobrominated after 


ketalisation ketone I the resulting cvclo- 


nentenone sation has been employed to 
prevent hem tal | nati ween “t and a suitably disposed incipient 


hydroxy! 


otropic 


nethod of exchange 
2-butanone in 
ocedures is quoted 

nes no reaction being 


shown by found to depend partly on 
the exact ‘rimental procedure employed, such ; efluxing the ketone with the 


aliphatic aliphatic ketone 


formed: ; hout the use ol 
As is well known. ketalisation of a A*‘-3-ketone cai a shift of the double bond 


Magerk Mclinto he on, A. M. Searcy, 


M. Searcy 


M. Je erg 75, 4425 (1953) 


B. Locken and gold, J , , 1359 (1954) 


* 
(a) Se ‘ etal formatior Most procedures for ketalisation with ethylene , 
glycol follow 1 oO ial method of Sain refluxing t ketone in benzene or 
toluene wit excess n t presence of an acid catalyst, With 
: remo the water ) ed. Some wort lave used ron t oO ice etherate as 
Similar results are reported with prop col.-* 
ly enecral, case Ket ppears to in U followin i-ketone o1 
\*-3-ketone | /-ketone 2-ketone 20-ketor l7a:2l-dihydroxy 20- 
ketor | l-ketone and 2l-acetoxy 
ndered ketone 4-chloro-3-} can st be ketalised™*"’ while 
+°4-dll | ire reported to De Ketals can b formed in 
moderat elds by prolonged reaction.“ In cases re acid sensitive tertiary Ae 
hydroxy oups are pri t ket on | been carried out the glycol in the ef 
ibsence ol it at m of the ter formed 
Ihe experu ntai condil ior Ketalsaliol Bi mn studied in detail in the 
case O qgiol Wil a low acid catalyst/diketone ratio the 
3-keta s formed preponderantly, while higher ratios flavour tormation of the 
| ~Ke tal 
| lectivit ketal tion noccible hy 1 no ti 
nme Lei SLU Vl Lila Sation > us 
ketalisatio between a steroid Ketone and the kKetais OF ac 
the presence or ac d catalyst = Ord r ol Kketalisation by SU 
as r Wiketones >. or 4-hromo-3-ket 
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Compound 


TABLE 9. EXAMPLES 


Method 


Ketal formed at 


position 


289 
2.17 hang 3 248 
4-ene, 3:17-dione Exchange 5 248 
H, 8(9):14-diene, 3:16-dione 193 
3:6:17-trione Exchange, 2-butanone 250 
Exchange, 2-butanone 5, 6 250 
Exchange, 2-butanone 6, 1 250 
Sp-H, 3:11:17-trione AZ 163 
H, 3:11:1 trione pic ti OK yd 160 
etox G BF,/Et,O 243 
t-ene. ?1-hvdroxyv. 3:20-dione G no me 20 16 
ene, 4:4 3:20 ne 
(allo) 33:1 2:20-dione BF,/Et,O 12 241 
4-ene, oxy, 3:20 G ) 45 
‘ ) 
4-ene, 3 20-trione AZ pic 3, 6 
7 (allo) 17a-hydroxy, 3 )-trione AZ 241 
4-ene, 21l-acetoxy, 3:1 one I 
e | 
4-chloro, | hydrox 3:11:70- A ethylene ) 240 
trione pyrene 
: 4-ene, 17x-hydroxy, 21-acetoxy, 35, £97 
3:11 :20-trione 
Other compounds 
Azeotropic so 
3 
H 
fr 
: \ COLTS pit 48 


to the C.-position but no such s observe Ket es 

we to be analogous to ord ) 

the point of pH « emt 

dD neti an ‘ 
ae lysts. appears to b ecific to ketones at C,. Using selenium 
of acid cCalalysts, af pre i! 0 

d ( ge as Ca 

1M. ¢ \. | it. 75 

RA SB M.H R. R. 1 H.W 18, 70 

K HI W iota 40, 78 ‘ 

PO o, C. Ce ‘ dt. 6. 4 
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ABLE “AM ES 
Comp nd Conditions of cleavage Ref 
H¢ ce ¢ 20 262 
SACLE 
S-ene 7 3:2 TsOH, acetone 160 
>. ene 
\ LOA 73 
3 
a - 
Cac C l aiu u 
4 \ is, red . \ Ss. 4 condensa- 
na tn ec neeced I va a tertiary 
i ACT $s to mel ene ps, rather than as protecting g Ds iheir formation 1s 
iS Re | 18, 
, Ss \I ( Ss oT 
ane 
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mp! has been suggestec 
often very sciective er complex hi 


lution wl ile of the 
suitable catalyst tie n be miulde ina 


3:6-dione 


latter 


complex 


anolic 


proved 


ta 
2s 2 very 
tseil aS sotvent gives a more vigorous reaction: thus cnolestanc 
gives the 3-thioketa der the forme nd the 3:6-dist etal under the 
conditions. Ot! st it ha en used includ wc chk ec and meth 
viel dea eX eV dir dithiolan is 
said to | It lemonstrated to e doub yond occurs on — 
p t re reported to be attacked 
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V. Thioenol ethers 


Formation of these, generally with benzyl thiol, appears as with enol ethers to 
be specific to a- unsaturated ketones 7% As catalyst pyridine hydrochloride has 
been suggested.**! | :4-addition of the thiol may occur if the conjugated double bond 
is not sterically hindered (as with cholest-l-ene-3-one,™':**) and may happen 
exclusively with basic catalysts (e.g. piperidine) 

Sulphoxides formed by hydrogen peroxide oxidation of th ethers have been 

table modifications of the ne group; hese the thioenol 
ted by reduction with lit aluminium iride. However, 


Ketone protection 


conditions and 
not cause hydrogenolysis but 


method of ketone protection not 


e than 


1 which 


is another met! tor thn nyi § uy which is specific 

nsaturated ket ‘S, particu y at -_ ng somewhat on the 
ry amine us hi androst-4-ene-3 :11:17-t le ga\ 1e 3-monoenamine 
vorpholine and the amine W pyrrolidin Aldehyde groups are 
ed to enamines in preference even to A*-3-ketones 

nines are illy formed by refluxing the ketone with a secondary cyclic 


henzen ition and azeotropic vater formed. A catalyst ts 


the case of an 
from a 1:4-die 3-ketone, Grignard reagents” and to 


ds**"! makes them attractive alternative for ketone protection. 


easily cleaved by aqueous alkali 


J. Korman, 


M. E. Herr, J. ¢ nkel ind l, Chem. 


78. 430 (1956) 


793 
E 
> 
little use seems to have been made of this method oO! [—. 
VI. Hemithioketal 
: Some interesting work is been done on this type of ketone group modification 
Lik lvcol ketals. hemithioketals can be prepared by azeotropic removal of wate1 
as 3 on reaction of the ketone with mercaptoethanol or mercaptopropanol, or by exchange 
a with the corresponding acetone hemithioketal.2" In 4-ene-3-ketones a shift of the 
i double bond to the 5-position is said to be probable 
as Hemithioketals are stable to basic reaction Po 
lithium aluminium Raney nickel « 
ae Hemithioketal formation appears to be less subject to steric hindranciiiiil 
ethviene ketalisation tn exemp ied by dehydrocholic ‘ fron 
a tris mitnhioketal can he formed SUCCCSSIULIY 
Vil. Enamine formation 
to 2 
seco! 
wil 
COnY 
anine in 
enamine 
strong 
They are 
: 1 R M. Romer ( Dier nd G. Ro kr 1 ( ‘ 73. 15278 (1951) = 
P. A. Plattner, A. I t H.f H ( / 37, 1399 (1954) 
R G. Re k Diera A ( n. Soc. 73, 4961 (1951 
: ‘C.D E. Batres, J. Romo and G. Rosenk J. A ( Soc. 74, 4 (1952) 
M. E. He W.H imer. Ci 75. 59? 
M.E.H A. Ho R.H.1 An 78, SOO (195¢ & 
W. He i M.E.H J. Ar Chem. S 75, . $2) 
F.W.H M.E.H J. Amer. Chem. S 77. 488 (1955) 
; ae *M.E.H ind F. W. H J. Amer. Chem. Soc. 74, 3627 (1952) 
oe = "TAH F.H.I co 4. H. Nathan, A. R. Hanze, W. P. Schneider, P. F. Beal and EE 
Ay Chem. Soc. 77, 4438 (1955) 
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Enamines have also seen use in view of the preferential oxidisability of their 


C--C double bond (e.g. in the degradation of bis-nor aldehydes,™) and as inter- 


mediates in a new method for the monoalkylation of ketones.* 


VIII. Semicarhazones and other hydrazones 


Semicarbazones have seen use as protecting groups in view of their stability to 
metal hydride reduction, h lithium aluminium hydride.*” sodium- of1 


oo 


borol and to Oppenaucer 


potassium boro! 

oxidation condit cc! ed to pre vent reduction and 
ition 

less pronounced than 

3-Ketones 

xy 20-ketones 

21-Acetoxy-20- 


forma 


that of 
and 4-enc 
also react 
ketones 


ton aq repo! na special Casc 


rd to reaction tempera 


seiecuiy 


acid 

pyridine 
on ofl 
noted" 
Origin: 


hydra 


795 (1956) 


4 
ate, 
reported to be more prone to semicarbazone than to ketal 
Semicarbazone formation has been studied with  - 
ture and solvent employed 
~~ Cleavage of semicarbazones has been effected n y by exchange with pyruvic a 
nave aiso seen us po emic ior tine torma 
ah \*.3-ketones from 4-bromo-3-ketones in the pregnane series should be a 
0,30 thic can be done int presence of a 21-bromo 20-ketone grouping.”’” 
AA tronhenys r) mor ni TNOX\ honvy! ; 
Zones have been used for this conversiot 
oe Other derivatives which have been explored tor ketone protection includ 
oximmes and hydrazones,-”’ but their cleavage t original ketone appears to 
be more difficult 
es Cyanohvdrin formation appears promising as a method for the specific protection : 
G.s k RT i A 76, 202 4 
E.P.O R_R E.S J. Amer. Ci Soc. 78. 
C.C.P M.A.J E.L.S E.P.O yand E. B.H 
7 re DH N.L. W ( 78, 2912 (1956 
NL. W R.P.« R. M.1 ( 74, 3630 (1952 
W er, H Minlo M.1 ( Soc. 73, 3818 (1951) 
Ss von W LR ( { 6 
McGuck E. C. K Soc. 74, 5811 (1952 
iR. W.¢ Soc. 73, 1) 
eR iS. A.R Ci 21, 58 
*R G. Non B Chim. 83 
E. B.H Org. 13, 542 (1948) 
‘Dp. 7 R DH N.L.W cr J. Amer. Ci 79. 452 (1957) 
2° P. Oliveto. H. L. H L. Wet M. E. Tu nd E. B. H J. Org. Chem. 21, 
Ve wnt. G. N R. Jo A. Petit, B Chis 106 (1953) 
311'V. R. Mattox and E. C. K J. A Soc. 70, 882 (1948) 
312 R Joly and G. Nominé, Bull. S 1381 (1956) 
: 
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A number of examples, 


of saturated, as against «-/-unsaturated ketone groups. 
Reversal to 


utilising exchange with acetone cvanohydrin, have been reported.” 
h bases, but cyanohydrins are reasonably stable to acidic 


the ketone occurs wit 
conditions, such as when cyanohydrin formation with a saturated ketone group 1s 
an «-$ unsaturated ketone, though in such a case it 1s 
in the latter reaction, to minimise 


i 


followed by ketalisation of 


advisable to add some acetone cyanohydrin 


14 


reversal and dehydration of the steroid cyanohydrin 


EF. SELECTIVE REACTIONS OF HYDROXYL GROUPS 


1. Selective oxidation 


(a) Chromic acid. NBS. NBA and Oppenauer oxidations. (Table 13.) A definite 
i 


litv of steroid hydroxyl groups, de 


my pending on their configuration 


order in the oxidisab 
and position, was recogn sed in the early work on the structure of the bile acids.**® 
This order has since been put on a firn basis by the crystallisation of modern 
views on conformational an a 

Regarding oxidation with hexavalent chromium; _ the rate-determining step 
+1 


ne carbon as the hydroxyl 


generally attack on the hydrogen atom on th 
tional factor will nearly always determine the order of oxidation 


the conformational lacto! 
is N-bromosuccini- 


among several hydroxyl groups Oxidation with reagents sucl 

mide or N-bromoacetamide*®’® is less clear out from the mechanistic viewpoint; it 
being uncertain whether this proceeds through formation of the steroid alcohol 
hypohalite and if so whether the rate-determining step is formation of the hypohalite 
or abstraction of the «-hydrogen atom.*=" On the one hand, examples are known 
in which oxidation with NBS appears to follow the same order as for chromic 
icid 22 With the more powerful NBA reagent, howevet (whose action is 


f tert. butyl al )]322) selectivity seems to be governed 


droxy! 


juring oxidation of other 


Pr mary alc Mos can in Most Cases be left unafiected ¢ 
second y alcohol grou] both with chromic acid . and with hypohalite 


Oxidation with tert. butyl 30-332 o1 


75, 3500 (1953) 


Chem. Soc. 76, 


{mer 


7 
enhanced by the prsene 
more by accessibility of t hyhroups; this decidedly is the case with Oppenauer 
oxidat 
rea 
A. Erco and P. de Rugg j immer. 75, 4) 
M. P hy R N York (1949 
iS. R J. A ( 71, 3 49) 
1A. H Ci 38, 
W.K ry Vol. L. B Londo 1954 
H.R iT. R t He Ci . Acta 26, 562 4 
( \. Grol Chin Tai 83) 
| F. iS. R Amer. S 71, 3938 49 
L. F. ind S. R Amer. Ci 72. (1950) 
S.B ind R. Le J, Amer. ¢ Soc. 77, 2331 (195 
1 A. Zaflar H. J. R i, G. Rosenkra F. So ver, G. H. Thoma 1 C. Djerassi, J. Amer 
Chem. Soc. 76, 6210 (1954). 
M. | { G. W. Barber iM. W. Gordor ! Ore. Cher 16, 349 (1951) 
M. I tein and M. Duc ‘ r, J. O Ci 21. 56) 
M. I tein and M. Du re J. Org. Ci 21, 783 (195¢ : 
K. iM. Ehret n. J. Ore. Chem. 19, 4 
R. E. Jo nd F. W. Koche J. An Che s 76. 3682 (1954) 
1. J. Beereboom, C. Djerassi, D. Ginsburg and L. F. fF r, J. Amer. Chem. Soc. === 
; ‘ G. S. Fonken. J. L. Thompson and R. H. Levin, J. A r. Chem. S 77. 172 (1955) 
x 4 R.H G. S. Fonken. A. V. McIntosch, A. M. Searcy and R. H. Levin, J. A=. 
3179 (1954) 
= 
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hypochlorous acid™* appears to be specific to the 3a- or 3f-hydroxyl group, giving 
the a-chloro ketone: an «-bromo ketone is formed when oxidation with NBA is 


allowed to proceed in the presence of hydrobromic acid 


A general picture of the order of oxidation by these reagents is prov ided by the 


following rules arising out of more systematic work 


(b) Ox 
OXIdISE 
oxidation of a su ; lrost-4-ene 17 |? ; and applies 
to oxid ton 


positions 


‘ 
Orde f ox tion of OH 
Reagent Type of po Ref 
cr), OAc Bile 32? 7 
Cr,O H \/B 1] 333 
NBS ac H.o B 399 
NBS/ac e/H,O 32? 
NBA /aceton« A/B 333, 334 
NBA \/B 12 319 
: \/B 1] 240. 331 
[his reagent 
s been used 
seciective 
4 equally well 
ups at other 
M LR ( ke ) Chem. 17. 1066 (195 
L.H.S if 173, 18 
M.D ( $9 
r. R Ch | } 
/ S. A. J P. A. P 1 5. 195) 
Ss. P. B B. | V. P Cc} 
J. Rot G. Rosenkr r. J. Amer. ¢ m. S 75, 1277 $3) 
D. K.P V.P Webb. J. 4) 
i =E.F.G to, H. L. H M. Je k, H. E. Jor und E. B. Hershberg, J. Amer. Chem. S 75. 
D. N. Kirk, D. K.P V. Petrow and I. A. Stwart-Wet J. Chem. S 870 (1955) 
“1 HLS M. Feurs K. Folk Soc. 73. 195]) 
Ss. J M. Webb i. Se ¢ 144 
* G. 1. Poos, G. E. Ar R. E. Be L.. 4.5 J. Amer. Chem. S 75, 422 (1953) 
a ger, C. Tar T. Rei H ( n. A 40, 2234 (1957). 
Schr G. Ann LR. B ter, K. Heusler, H. Ueberwasser, P. Wicland and A. Wettstein, He 
ie Chim. Acta 40, 1034 (1957) 
a F. Sondhe er, ( Amer iG. Rosenk: I Amer. Chem. S 75. $930 (1953) 
M. Ackroyd, W. J. A B. I iJ. A. Stuart-Webb. J. Chem. S 4099 (1957) 
O. Mancera, G. Rosenkra ner, J. Ci 2189 (1953) 
Ps »3 A L. Nussbaum, G. Brabazon, E. P. O ) 1 E. B. Hershberg, J. Ore. Chem. 22, 977 (1957) ; 
‘ J. Ringold, E. Bats 1 G. Rosenkranz, J. Org. Chem. 22, 99 (1957) 
of ** B. Camerino and C. G. Alberti, G 85, 51 (1955) : 
: . % 1). Taub. R. H. Pettebone, N. L. Wendler and M. Tishler, J. Amer. Chem. Soc. 76, 4094 (1954) 
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TABLE 13. EXAMPLES 


Compound Method Product 


7 tr 


1ione 


BuOH/Py, 


NBA, MeOH/P 


; {ndrosta derivanwve 
3 wcetoxr 11 | dio Oppenaue | /-one 335 
t-ene, 17-one, 3:6f-diol Oppenaue L-ene. 336 
17-one. lio Cro t_ene. 38-ol. 6:17- 
17-carbomethoxy, 38:1/5-dio NBA, ‘ert. 3-01 33 
H.O 
§8-H, 3a:11«:1 tric NBA | 7-dione 162, 163 
Pree 
O-ethvlened ‘ 3-one 249 
6:1 noxv. 20-or On ne 340 
0)-ene, 20-cyano, Il-one, 329 
} | trio rt ) one 
i 
NBA. P HO ; 443 
(a 2 0-trio NBA BuOH/H,O 4] 
) Cro ne 24 
4-ern one 
t-ene. 6x-Me, 3:20-dion NBA, P 
toxv. 20-one,. 3 tric NBA 341 
BuOH/Py/H.O 
i-diene. 6%-Me. 3:20-dione NBA/Py | l-one 11] 
y 1-1 
enc enc CrO,/Py ne 24 
11 -tric 
20:7 1-nentol 20:21 Onpper el ne 344 
. 2 
fane de alives 
ne diol Oppenaue! j ne one 345 

= 
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Taste 13. (contd.) 


Compound Method Product 


Other cony 


lsoallosp 


Met! 


Methyl cl ate and -desoxy-cholat 


Syntheti« 


a 
298 
i 
Rel 
> 
“na 
irostane 3:11 diol Oppenauel 333 
: 
cholate 7-acetate K.CrO,, HOAG 12-one 322 
i 
intermediates 
Oppenauc 34 
" CrO,/P 347 
NBA 44 
’ 
Cro 148 
CrO 148 
i 
4 
Pv 148 
CrO./P 149 
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An interesting case is provided by 16-methylene androst-4-ene 3:17-diol;*' here 
the allylic 3-hydroxy group is oxidised in preference to the “‘exocyclically” allylic 
17-hydroxy group. 

4-Ene 3:6-diols are oxidised to 6-hydroxy 4-ene 3-ketones.® Under 
vigorous conditions (in benzene solution at 72°) oxidation may proceed further in 
certain cases and give 4:6-diene 3-ketones from both 4-ene 3-ketones and 5-ene 
3f-alcohols,** while cholesteryl acetate is reported to give a small amount of the 
7-keto compound.” 

he activity of manganese dioxide in this type of oxidation depends greatly on 


its method of preparation; the most suitable reagent being that made by precipitation 


from alkaline solution 

(ii) Catalytic oxidation. Platinum oxide and oxygen, usually in ethyl acetate 
solution, can oxidise specifically highly accessible secondary alcohol groups (3 and 
33) in a number of hydroxy steroids, but this has been reported to fail with 
cholesterol. This method has been employed with success in the field of highly 


hydroxylated compounds derived from cardiac aglycones 


five reactions of hydroxyl groups 


118- or 9SH-11a-"4Hydroxyl groups are dehydrated under conditions which 
do not affect tertiary 17%-hydroxyl The tertiary and 5/- 
hydroxy*’*™ group is left unchanged unde conditions used for dehydration of the 
145-hydroxy group (phosphorus oxychloride, dine) 

’ as against saturated hydroxyl groups 


In certain cases allylic or homeallylic 


can be converted selectively into the corresponding chlorides 


7x-hydroxyl group can be 


In the 17%:21-diol-20-one cortical side 
2] 


removed by catalytic hydrogenolysis after formation of a -dibenzyl acetal 


MODIFICATION OF HYDROXYL GROUPS 


ester formation and hydrolysis 
(a) Genel Formation of an ester, usually an acetate, is the most useful method 


of protecting a hydroxyl group against reactions proceeding under acidic conditions, 
such as oxidation. Selective formation of esters ;¢ ieir selective hydrolysis are 
governed by both conformational and positional factors. Acylating groups larger 

acetyl. such as benzoyl or succinoy! ually chosen for the greater selectivity 


vy confer both in acylation and hydrolysis 


i C. Amendolla. G. Rosenk » and F. Sondheimer, J. Chem. S 1226 (1954) 
FS 1 ( Ar ind G. Ro I J. Amer. Chem. S 75. 5932 (1953) 
P.M G. ind J. Jor B ( n. B 35, 495 (1953) 
; OL A re \. F. B. Cameron, J. H. Chapman, R. M. Evans, B. A. Hems, A. B. A. Jansen and 
P. A. Sneed iR.B.1 J. Amer. Chem. Soc. 77, 190 (1955 
i sR. P.A.S B.T r, J. Amer. Che Soc. 77, 130 (1955) 
S. A. 1 V. Gerr R Ty Chim. 74, 1462 | 
Rr ee ’ “HH N. Frick, E. V. Jensen and P. A. Plattner, / Chim. Acta 32, 1334 (1949) 
4 R. Johnsor P. ¢ Olmsted. V. 1. Viv nand M \. Wagner, J. Org. Chen 15, 264 
S : * BF. McKen:z V. R. Mattox, L. L. Engel and E. C. Kendall, J. B Chem. 173, 271 (1948) 
ar eee J ‘7 J Broome. B. R. Brown and G. H. R. Summers, J. Chem. Soc. 2071 (1957) 
bs 
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le hydrolysis under basic 


Formates have been “d | thei 
hindered hydroxyl groups 


(e.g. at ¢ ic . rte to he st ible 


to acidic condit 


to pot is 


( 


pynidu ed to | y spe 

are stal 1S | additional 

interest 
Re 


stabl 


‘ 
ions, to metal hydride reduction in non-hydroxylic solvents’ and 
tor 
sium acctate in ace 
; te ester formation (usually from ethyl chloroformate and the alcohol in ae 
? 
mild Dasic sucn as dur»&il mecta nvyaridge reaquction 
sulnho 
ulphe 
(b) orted | b cetylated 
oll ‘ 
Less The resistance of 
reasonably gro. SUC 
sodiul ‘orb 
ester AC \ cid cata preven 
7 
H 78 
ii 7s 
b 74 ) 
218 
7s 
74 
« NO 
4 
22 
“ESB é 21, 24 } 
~ 
i 
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acetylation of a phenolic hydroxy group, even though generally phenols are acylated 


1.391 


under the usual conditions with greater difficulty than secondary alcohols.*™ 
While esters of equatorial 3-alcohols are hydrolysed more easily than their axial 


epimers, the reverse may occur in the presence of a hydroxyl group at C,.°"* 


TaBLe 14. SELECTIVE ESTER FORMATION 


. 
A / B-frans-steroids 4 /B-cis-steroids *-Steroids 
steroids 
ae Orde Ref Orde Ref Orde Ref Order Ref } 
| elal 
9 
§ 
104 
4 
74 
iH K | 
DH.R.B G. F. 1 
A. 1 rR 37, 4 
we R. cC.W.S G.H.R.S QR ‘ 
B F. Ga B ( 177.9 149) 
 H. B. Henbest iE. R.H. Jo me (1948 
: 


HOW -HO 

HOPW OD 

HOPW) "OOH 
oy 


| 
| 
q 
; 
= 
> >< “as 
| 
3 
| 
| | 
: | 
32 
, 
re 
cat 
~ 
: | 
2 


and of selective hvdrolvsi 
form. (Tables 14 and 15.) 
il. Frthers 
i) Jet in the Formation of tetrahydropyranyl (““THP’’) ethers 
cli or seconda TTOUD Wil ad drops I i sO ent 
C ‘ I or metl ne chloride in the presence ice of acid, 1S an 
method f protection of tl droxyl group der basic reaction con- 
| ble | yr or or. d i244 da- 
ay peroxid nd | ‘tect oup during 
dride M,4 tat il ) res (pyrolitic 
ition ) and reasonab tabl ( tion as for 
) sed paration of 7 droxy 4-ene-3-keto-steroi O oxidation 
aio ive ) ) Viel ) uu und. W iL 
ng out t ction on the THP ether 3-acetate is SUC 
\ d irop to prot t ] COnO roups lies 
the tormatl oO! al idditiona . netric ent most cases lO a 
mixture of ster someric ethers, but this does not 1 det from the value of 
(b) 7) meth ether The conditions of stability of these ethers are similar 
thos tetra aropyranyi ethers ell ( on specific tk 
primary or easily accessible. secondary hydroxyl groups nd like tetra- 
vdropvranvl ethers they are easily cleaved by dilute mineral acids 
W.G. H. B ( 5 74, 
Ww. H. B.H E.R. Che 
0 M. F. Murt R. L. P J. A ( 74, 
S.J Db. S.A Ci} 79 ) 
w. 5S. J B. B R. | { ( 78, 
H.J.R E.B O. Mane G.R Ore. 21 > (195¢ 
R.H Cc. S. Snoddy. C. F. Hisk N. L. W { ( 76, 40 1954) 
Cc. W. ¢ H. B. Henb J J. ¢ 2375 
B a 184. 259 (1950) 
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is of esters, results have been given in a 


w3 


In view of the great number of examples in the literature both of selective acylation 
1 shortened tabular 


= 
— 
ar 
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ANHYDROBIISATIC ACID 


6:12-OXA-5:6:11:12-TETRAH Y DROPHENHOMAZINE-6:12-DICARBOXY LI¢ 
ACID 


Gs. STEFANOViIC, LJ. LoreNC.* R. I. MAmMuzic and M. Ls. MIHAILovi 


SCC 


Abstract— Anh 


ve Salts ol 


ed cinchoninic acids (1) 


idroxide ha therelfore 
two different potassium 
oduct when tsatin is treated 
at temperatt s below 40 


and ; It. 1 iti atin with excess ol concentrated 


(40 aqu us pot ium ydroxide under refl hea the vellow salt in 


the colourless compound. where is the 


latter is not 


changed under dition Iwo series of salts can be derived from these 


compounds: the \ alt gives an orange lead and yellow barium and silver salts: 


the colourless potassium salt, on the other hand, affords colourless salts with these 
metals. The iron, per and nickel salts, in 1 series, are coloured, with slight 
differences between the corresponding members of each series 


It is the yellow potassium salt which condenses with diketones to give substituted 


cinchoninic acids: the colourless salt does not react. By acidifying an aqueous 


ve 

Tetrahedron, 1959, Vol. 6, pp. 304 

Institute of Chemistry, Faculty University of Belgrade, 

Studentski trg 1, Belgrade a 

a (Received 4 November 1958) 

i SEE nhydrobiisatic acid (IVa), a new type of compound containing the phenhomazine ring 

system, has bee ybtained by f-condensat f c ac nophenyljglyoxylic acid v 
: The struc e of this ac been estat ‘ ( ve been prepared. N:N’-Dimethy 
It has long been known that isatin will dissolve in aqueous alk ea e 
isatic acid These salts iqucous OT iqueous-alcoholic 
with ketones (Pfitzinger reaction)’ to furnish substitu 
R 
N 
Condensat of isatin wit irious diketones, were found to give the best yields es 
of substituted cinchoninic acids by heat the dry potassium salt of tsatic acid wit! > 
the diketone il ce iivent Ihe yields were usually reproducible, but 
some Cases, WHC repeal tne experiments, the yn either failed or gave onl) 
traces of the expected product. As the conditions were identical, the only reason for . 
‘ 
Seo such failure could lie in the composition of the derivative prepared from isatin and 
potassium hydroxide 
The reaction between isatin and aqueous potassiur . 
peen invest ited Accord to experimenta condit 
Salts Can De ODtTaINcC a one, the major | 
with one equivalent of 20 iqueous potassium hydroxid 
ac 
* Take pa ro ine ertation of | Lorene : 
O. L. Erde Py 24. 1841) fan. Chim. Ph 3, 3454 R41) 

\. Laure Chim. Pi 3, 3 1841) 

G. Heller. Ber. D A. Ch ( 40, 1291 (1907) 

. * For references, see W. C. S$ pter, Chem. Rev. 34, 393-434 (1944) ; ees 
= Gs}. Stefanovic, M. Pavicic-Woss, I Lorenc and M. I Mihailovic, Tetrahedron, 6, 97 (1959) 2 : ae 
04 
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solution containing the yellow salt, isatin is immediately formed, whereas from the 
colourless salt, a colourless acid, m.p. 176°, is obtained, which can be isolated and 


purified. In aqueous solution this acid is slowly converted to isatin, the conversion 


being accelerated by heating or addition of acid. However, it is stable in the solid 


state when perfectly pure. The same acid is obtained by decomposing the colourless 


lead salt with hydrogen sulphide. On the other hand, the orange lead salt, when 


treated in the same way, gives isatin as the sole product 


From analytical data and from the chemical behaviour just mentioned, it can be 


concluded that the yellow potassium salt and related salts are salts of isatic acid. 


whereas the colourless salts and the corresponding acid, m.p. 176°, are condensation 


products of isatic acid, formed from two molecules of the acid with elimination of 


water. Three structures* can be envisaged for the new anhydrobiisatic acid (Al, II 


or ina 


rreement with the molecular formula C,,H,.O;N. 


, 
It ppears trom tl! literature that compounds desci bed as Salts of Satic 

series. Erdmann 


ad salts, whereas 


icid from these salts failed: tsatin was always the final product.!:--*-® Only in one 
case. namely by treating the colourless lead salt with hydrogen sulphide, was Erdmann! 
able to 1solate a colourless solid which n aqueous ylution, underwent facile con- 
C m to watin i his product was regarded by Erdmann as satic acid However, 
from the present work, it appears that tl compound is in fact anhydrobiisatic acid 


rather than tsatic acid. Moreover. it is now well known that isatic acid and its N-alky! 


Ol N-aryl derivat 


ves cannot be isolated, in contrast to N-acylated isatic acids, which 
1ave been prepared in several instances 


Naber 


R. K. Callo E. Hope, / 191 (192 W.S kopf and H. W elm, / rs A 546, 211 (1942) 
R. Johnstone and J. R. Price, Austr. J. C/ 7, 209 $4 I. Sato and M. Ohto. B Chem. S Japar 
28, 480 (1955) 


P 
P. Friedlander, ¢ R 1 ) Par 136, 370 (1902) 


35 (1903) Bamberger, /bid. 36, 2046 (1903) 


ete 4 
R 2 ‘ 
— 
(a)R =R'=H (b) R = =H (c) H, R'=CH 
i ae reported a colourless potassium salt and colourless barium and lc 
cia { silver Salt is d rided either as colourless or yellow In contrast, Laurent- : 
obtained a pale vellow potassium salt and yellow silver and lead salts. The sodium. 
silver and lead salts prepared by Heller’ wer ll vellow Attempts to obtain isatic 
* Sry res corres e ccrihed thout y proof )to rohi 
4 L. Claisen and J. Shadwe Ber. Dtsch. ¢ ( 12, 35 879): G. Heller, / 37, 938 (footnote 2) 
1904); E. Deussen, G. Heller 10. Not i 40. 1300 (1907 
W. Suida, Ber. Dtsch. Che Ges. 11, 584 (1878); C. Schotten, /bid. 24, 772 (1891); M. T. Bogert and 
46, 1702 (1924); J. A. A Soc. 2902 (1926); 
| 
E. Bamberger and E. De Ber. Dtsch. Che Ges. 3, 9 
Ibid. 6OB, 314 (1927); F. Seidel, Ibid. $9, 1894 (1926) 
aie 
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Anhvdrobiisatic acid is quite a strong acid, pK, (water) 2°88. It does not undergo 


reactions characteristic for the carbonyl, hydroxyl and primary amino groups 


Hydrogenation in the presence of platinum, platinic oxide, palladium or Raney 


nickel w: iccessful lor otassium salt is not attacked by sodium 


borohydri n aque olutior ‘ prolonged | ng. By treating anhydro- 


biisatic ; diazomethane ydrous ether, ; mpound having the molecular 
formul inalys nd mole r weig! eterminati solated 
It. therefore cont idditional able in 
isily 


conu 


litera- 

il¢ and 

amino 

contain 

hydroxy! 

ld be pected either to 


lucts (structures Ilc and 


anhydrobiisatic acid 
the solid form and when 


or upon addition of mineral 


67B, 2120, 2127 (1934) 


1 A. Menozzi. Ga " rf. 13, 350 (1883) 
tler and ahr tsch. Chem. Ge 37. 


233 (1906) 1. 45, 834(1912); T. Imai 


be saponified to the starting acid These properties (and the saponification value) . 
correspond to the dim of ( cid ol nsoluble : 
, 
in et and 1 : than the acid from w d ed). It is also resistant 
to catalyt iroO-gel ) nd no BG Live wil specific re: nts tor ’ 
the ¢ primary an » hyd up b uur of anhydrobiisatic 
acid and of its d compounds OF this s¢ (with 
the exceptio ror copp i nickel ts) a ( Man structures 
and Ill ral 
Conc e evidence [fo 1\ obtained from methylation experiments of a 
anhydrob cid When ‘ Sait arood tic acid is treated with 
met dre cu ormes Lp. 14 omeric with the 
dimethyl! ester o dro iLic cid it crystallizing with two 
molecules of water (m.p S) obtained from the potassium salt of anhydrobiisatic i 
n met nhat n tion xamrt 
met! 1 aqueous or ydrous media, usually eg 
acids and not N unsubdstitul d sters | new as : 
the two addit« metny yroups on nitrogen tor on nit 
oxyveen n the case ol tructul Ihc) WO 
; give a mixture of isatin and N-met satin or Other pro! 
Illc), or sol N-methylisatin (structure [Vc) 
The new d metny ited d iS propert | 
} ? tal 
| It is a rather strong acid. pA, (ethanol) 3-92, stable only 
| iltthough the culralizing 
4 eff 
¢ Il would be cally hindered, thus preventing 
the u Exar weve suggests that under 
should imino gro th ition of water 
For tl ‘ K is Ill gt mprobable. Both : 
structu il itl t icked sodium boro iride and catalytically activated 
hydrog IV, whic no reducible 
4 Tt \ both acids w established by conversion of the anhydrous acid, m.p. 154 , to the 
hydrated ack n.p is 
QO. T. Sc und H. Zeiser, Ber. Disch. Chem. Ges. == 4 
j H. Meerw 1G. Hinz, gs Ann. 484, 1 (1930) 
K. Kraut, Liebigs Ann. 180, 172 (1876); G. Korner ar ie ; 
G. Fortma I. Pra Chem. 55, 123 (1897): R. W 
401 (1904): J. Houben and W. Brassert. 4 
7. Ph Chem. 136, 192 (1924) 
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acids, it is quickly and quantitatively converted to N-methylisatin.* The fact that 


one mole of acid gives two moles of N-methylisatin (and no isatin) Is compatible 
only with structure [Vc 

N:N’-Dimethylanhydrobiisatic acid ([Vc) is converted to its dimethyl ester (I1Vd) 
by diazomethane, dimethyl sulphate (in aqueous solution) or methyl iodide (using 
1, 


the silver salt of the acid suspended in anhvdrous ether). This diester, like that of 


anhydrobiisatic acid ([Vb), ts sp: rly soluble 1 ‘ther (although to a somewhat 


» dimethyl e: Vb) and melts | ver than the rresponding 
non saponificatior the original acid (1V« yield 


acid (1Vc) an 


: 
: 
aa 
f 
8 greater extent thal 
acid (m.p. 173°). | 
Both the HNN its dimethy! ester (1Vd) are colourless compounds. 
7 Additional evidence for struct is obtained | eS N:N’-dimethyl- 
innval yb salic ack int S ODLIC ponel { ida 
sp hic rotation ol 3 nd the } AS pe seen 
ee from Fig. |, the geometry of molec f an lrobiisat cid and lerivatives 
: 
\ 
‘ ll 
co | cel ) q 
‘ not t of} Mix | ‘ ( tne 
B n 
a S li iil 
P. K ki. Ber. D ( 44. 1): W.B W. Jacobs. 
/ 47, 354 (1914); M.K A. Ost Mh. Chem. 34, 78 M13); J 37, 
P. Grami cakis, B Ci 
*R.G. Ault, E. L. R. A. Mort 165 1935 L. M 1A. Moroz 
Suey B § Chim. Fr. 37, 404 (1925 
‘a es W. C. Sumpter, J. L. W ims, P. H. Wilke nd B. L. Willoughby, J. Org. Chem. 14, 1949 
is 
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Potass salt of isat 99-4 +74 Wat 
sodium salt o wphenyljacetic acid ind N-methy toluidine’’ (Table 1) 
su est pre Si ire lV. butd the spectra of compounds 
4 
of the N-be DOSS rou] \ N-—C(R) \ whicl 
ae should be pre tin the case of st I] iil 
cid tre ct f 6:12 neni i 6:12 
9-oxa-2 :6-d ib (3:3:1) ul (VI tatively proposed 
propionald de (V) In the tof t rk 1 tructure probable 
Compound VI unstad ind . iT vd wWisalic cid (1Va) easily converted 
DY acids, to the starti if] ac a \ 
i Soc. ( PR DB 2. 138 
K G. A 7.P A 189, 344 He M.S rel, B 48, 289 
4 L. G.E.K.B Soc. 66, 14 44): F. W. Holly and A. 
Cope, / 66, 18 $4 
Fr. 7, 481 (194 
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EXPERIMENTAI 
Melting points ire not corrected 
n spectra cd V iltra-violet spectre photometer, 


ind t a ~ th bie-beam spe 


Model 21 tassium re u d analysis 


SN KOH. 1 


(0-04 mo 


Ber 
York (1954) 
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Derivatives of isatic acid |(o-aminophenyl)elyoxylic acid| 
Pota atat 20 Agueous KOH, co mole of base slowly added to 14 
0-1 mole) isatu the muixt e Deing varmed tf 40 The nee colo iron lark ed-viole 
lo ye ndicated the end of the reactor I was ¢ p ted to d Ss under reduced 
K, 19-42: C.H,O,NK re res: K, 19-24%) 
atate A solution conta 5-1 (0-025 mole) of potassium isatate in 50 ml! wate va 
4 STIVE nit c ec ™ ile I | ecipital was tered in 
ished with wat ind dried. (Foun Ae. 39-52: C.H,.O.NAg requires Ao 39-66") 
inhyvdrobiisath aci 6:12-oxa-5:6:11:12 ira phenhomazine-6 :12-dicarbox wid) uv 
lerit 
Pota ant 40 \ KOH (20 ml), was added to 14 mole) isat 
: 
consisted of ¢ ua 18-2 g: 93-7°-). nd: N, 7:1 K, 20-42 
3 C,H WO re N 21: K, 20-13 
oft wtate was washed with water and drie Found: Ag, 40-91: C,,H,O.N.Ag 
quire Av, 4] 
inhvd i\ A solutio f 3-9 0-01 mole) potass nhvdrob tate 10n 
rT 1\ It fied ecip vetrolk ethe M 1 /¢ 
dec ent. 15% eale. 15¢ K, (water) 2-88. (Fo C. 613 H 3-83: N 
C, 61°54: H, 3-8 8-9 ) 
H ant a As 3] 0-Ol mole) ac 1\ 20 vale 
n ¢ e 2.0 o) mus nme 198 (alone 
: Te ter (IVb). A solution of 12-5 g¢ (0-04 e) anhydrobiisatic aci 
IS-¢ nd recry fr | M.p. 238°. Saponificatio r d: 328-4; cal 
399-7 Mi 1 140). 4 } ( H. 4:79 N_ ( 
ed 63-52 H.4 N. 8-23 ) 
fica lisatic acid dimet The este IVb) (0-68 g: 0-002 mole) was 
‘ 3-64 of 25 N He | tion of the precipit e OS14 82-3". ) of anhydrobusatic acid (1Va) 
m.p. 176 (alone xed with ar thent pie of the acid) 
NN. Dimert/ wn acid 
j , 
N:N-D vlani atic acid AVc). (a) Anhydrou 4 mixture of 2| silver 
u 
ini | dide and 200 Irous etne is efluxed (Onr) (exciuding 
itmospheric morst Silve vas hitered and washed with ethe (5 SO mi) The 
: ind ter ere Geterm scous OF ethanolic solution, by titration with O-1 N 
iqueous KOH htt 
‘ detern by the R cryoscopic method 
A. Gr 1 / nd Wacl B il, p. 14 R. T. Hall and W. 
: 
Shaeffer, Ors Vol. 2. pp. 25-27. Interscience, New 


Mamuzic and M. Liu. 


reduced pressure, and the 


yness unacl 


acetate 


63-12 


mole) 


triturated 
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a 
wmmbined and xorated to di 
hiiltrate nha ine Was ere cul neu ana i} new 
crude N:N nic acid AVe) (12-4 )1-5°.) was recrystallized from ethyl 
M.p. 154 ent, 170-2 ¢. 170-2. pX, (ethanol) 3-92. (Found: C, 
H, 5-14; N, 802; C,,.H,O,N, re es: C, 63:52; H, 4/4; N 
‘ 
re 14 
1\ The ar ous 
, 
\ 
Found 
‘ 
KOH 
: 
KOH 
He N:N yd 
D a 1\ N:N’-Dime tic acid (1 
OO mi ethar Afi 4} t room temp.. the precipitate s filtered (20°38 ¢) and 
- M. K 1A. Ost rer. Mh. Chem. 34, 787 (1913); Ibid. 37, 25 (1916) Aa 
: 


Anhydrobiisatic acid 311 


5 times with ethanol (5 200 mi) to give 18-2 f hrucine salt of N’-dim thyvlanhydrobiisatic 


acid, m.p. 154 . 0-60 : irther was f th ethar id not raise the 


was not possible 


was con- 


—. melting point of the product nor change the rotation. Crysta | ————— 
because the ack ilt ke the acid itself, decompose cat yn heating ethano 
thano hilt obt on filtratior ft shings), 
oe a a centrated to 2001 inder reduced pre ‘ t temp. b 40 A fte nding at 0, 8-6 ¢ of 
ru ult of )-N:N’-d thylanhyd a m.p. 171-172 btaine 20-8 
on etha (9-175 0-0124 vie). m.p. 154 N KOH d the 
‘ COOK | Hie ( stall 
Lue 
i 
N. 7:28: C. 57-44: H, 5-36; N, 744%) 
f N aqueous KOH. 1 e 1-08 N:N 
N 146. C,.H,.O.N.‘2H.O H. §-36: N 14 
nk Protes V. Prelog (ETH, Z k pe ssion for 
é 
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PINASTRIC ACID 


R. SESHADRI 
f Deth 


CONSTITUTION OF 
P. K. GROVER and 


Department « 


based on | 
periodate 


Abstract—— New obsc 
study of its reactions wit ny ( 
ts reaction with o-phenylene 


THE revised constitution’ of onit 
n two conditions are satisfied 


diamine and this conclusion wou 
-| y le liami in preference to the 


vossibility 


(i) the ester grouping only is att: 
tions 1 hould be 

of the I UDpING \ of methanol. Previous 

sil ough indicating that the ester 


lactone group ; 
Idin tone | nation 
acid is heated with 


experime! 
loss of the methoxy! group 


methoxy! | 


dimethy 


been obtained by oxidising 


Additional evidence structure of pinas 
with sodium periodate A preliminary investigation 


was carried out 


the acid 


P.M 
A. Sc 


by 


on, 1959. \ 6, pp. 312 Pergam Press Lid. Print Northern Irelar 
Chemistry 
(Received 9 November 1958) 
in tne presence Ol menyiene GlamMine Gue to condensation with if Methoxy- = 
/ 
puivinic Giiactone whe ited wil on two ort OF viene Glamine 
Se ae gave the same intermediate (III) as that formed by pinastric acid, and III when sub- 7. 
jected to fission wit! coholic potash yielded 2+ p-n x y-benzyl)-benziminazole(V) 
mdicated that unde the conditk CIT) Pie OT the tacton ring near the 
i 
L2roup opens a s been opel ed the othe 1S 
Stable CoOUTse © reac si tne Xp! LLIONS ven by 
M as U CUctio ol acid W th 7 
ene diamine e second lac g IS gd it will be the one to be 
= preferentia opened a and w h erence the final result. I 
order to remove t possibilit Gt cle reaction. the 
2", m vl ether (11) of 1 stric acid rer! densed phe ene diamine 
4 
ay yielding a product (IV) ng two methe ps and provid proof that the 
up iS reacted al ) is I 0 CU len sult 
ecter fission wil coholic potas 2-( oxybenzyl)-benziminazole (V) 
: 
¥ ttal and T. R. Seshadr Chem. S (1955) 
berg and A. Sina, J. 601 
eat 
iy 
~ 
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oxidising vulpinic acid (VI) of similar constitution with sodium periodate. Benzoic 
acid and methyl phenylacetate were obtained, and in the case of pinastric acid benzoic 
acid and methyl p-methoxyphenylacetate were identified. In both cases oxalic acid 
was identified by paper chromatography. Pinastric acid methy! ether (II) when treated 
with sodium periodate was recovered unchanged. The diketonic structure (VII) is 


ssentia!l for the fission of pinastric acid on oxidation 


metny 


flux for 


H.,.O,N 
OCH, 12-4 N, 6° th ti b method 


> low value. This seemed to be due to part hyl group migrating to nitrogen 


from and J. M. Bobbit, J. Amer. Chen «. 78, 2489 (1956) 


OCH 
lie 
EXPERIMENTAI 
4 cle 200-210 (4 After € to H¢ 
‘ s hitere hed with dilute H¢ l irik ‘ 
iS treate even t s of phenylene diamine The poor yields this reactior 
Hy I he | ct (0:3 ¢) was heated ler re cp sh cc 15°.) 
for 5 Phe ins« ble pota m salts were tered | ol remove Inde ‘ ced pressure 
shining rectang plates p. 165-67 alone « iimixed wit i sample of 2- ethoxy-benzy! 
benzimir (V) 
Conder m of pinastric methyl ether (1) and lene diamine. Pinastric acid 
ether (0-7 g), o-phenylene diamine (0-54 g) and dimethylaniline (31 cc) were heated ler rc ; 
4h The product was worked up b I 1 brown red ymDO ig 
9 
equires H, 4 
epeated | y 


P. K. Grover and T. R. SesHapri 


14 


lowed by Herzig-Meyer procedure and 


Hence for } lation Ziesel procedure 
the total wa rre alt is re 
Hya 


for Sh 


x with alcoholic potash (15 cc, 15°.) 


d light petroleum 


2 p-methoxy-benzyl 


acid methyl 


a Mr. The product when worked up crystallized fron ure of ethyl acetate an — 
as colourless shining rec 165—1¢ rhe cd mp. with - 
he r vic \ 
Or JO) 
20 cx e He ct yeated 
Frac \ Hit at eX cte eatedly w 
The sec butar turate 
st | ‘ R 
R 0-59 = 
a 
0-30 at 30 he OX espectivels the neutral traction 
(80 $177 ) crtic th the ol et XV-phe etic ac 
he , 
Pina il) i ethyl ethe 0-3 $s ed | cohol (200 cc) and ; 
sod ite (> moles @) te de i es to stand for 30 hr. The 
7 yielded vellow stout rho yhe pris! p. 150-1 ndepressed by pinastric 
ether 
4, 
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HETEROCYCLIC FLUORINE COMPOUNDS— III* 
MONOFLUOROXANTHONES 
SUSCHITZE 


ALLEN 


nistry 


reaction 


I n cyclisa- 


the 


NO,). When 


nitro and 


of two xanthones ( 


of nitrod 
tituted 
J. Chen 


ind H. Susc! 


oo The Department of Chermmmm and Biology, West Ham College of Technology, London 
Sgt 
aid eo The Department of Che try and Applied Chemistry, R« Technical College, Salford, Lancs 
(Re d 25 November 1958) 
lie 
Abstract — The luoroxal stituted e benzene vee}! epared by 
the requisite boxyfiuorodiphe! ether ob 1 Ul n 
( trated cid prove; best uoroxantho 
R 
, A+ 
VCl LIL LL ful \ | ‘ tic 
q Ox me (i RR CO H) CC red tne eiting 
Authentic 3-fluoroxanthone wa prepared iro! yroaipnenyi 
etnel tne usual 1\ 
2 Another route to the monofluoroxanthones was by a Balz—Schiemann =m 
% with the monoaminoxanthones ihe required nitroxanthones 
tior f type I (R, = R, =H, R, 
sul ringclosed, a mixture | - 
iF. L. Allen, J. C. Brunton izky, J. Chem. Soc. 1283 (1955) 
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l-nitroxanthone was separable by fractional 


3-nitro) was obtained, from which 
crystallisation This nitrocompound was also prepared unambiguously 
2-carboxy-3-nitrodipheny 

Absorption ectra the fluorine substituted xanthones are 


accompanying 


EXPERIMENTA 


, 
Tame t RA-VIOLET ABSORPTION MAXIMA ) IN METHANO 
bi 
2-f 11 00 »90 $200 +42 200 
400 
11.000 > 400 :? $200 64K 
este cid by re ‘ for he s distille 
} is C, 68:2: 44 
4 } AR4 H 1.4 
44 
j \ f 2 o-4-f] cn 
4 692: H 
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Method B: The requisite aminoxanthone*® prepared from 1|-nitro,*-*, 2-nitro,*-° 3-nitro,*®.’ and 


4-nitroxanthone*® was converted into its diazonium borofluoride which was decomposed in the usual 


way’ to give a fluoroxanthone 


] luoroxanthon 


Method A This compound was un imbiguously made by cyclisati  2-carboxy-5 -fluoro-2 - 
diphenyl! ether which gave 1-fluoro-4-methy, thone (66°5 mt 157 (Found ( 
;H,O,1 13-7; Hi The met 2:4 g) dissolved in 

by slow additior 


tion mixtur 


ARBOXYDIPHE® 


i> 
73 
mix 
— of an aqueous solution (30 mi) of chromium trioxide (6 g) at 40 When the reaCmmre Was 
TaABLe 2. ETHERS 
M.P Found (°,) Required ( 
Substituent Formula 
( ( H ( H 
2’-Fluoro 140 67:2 4°] C,,H,O,! 67:2 
}’-Fluoro 130 C,,H,O,! 67-2 3-9 
4’°-Fluoro 142 673 4-1 C,.H.O.} 67-2 3-9 
§-Fluoro 122 67:2 4-0 67-2 
5’-Fluoro-2’-methy 108 44 C,,H,,0,! 68-3 1-5 
NITROBENZY oF 2 RRBOXYDIPHENY FTHERS 
ro $4 65-6 4-3 C,,H,,O,NI 65°4 
4’-Fluoro 65-4 41 C.,H,,O.NI 65-4 3-8 
wo-2 thy 87 66-0 4 C.,H,..O.NI 4-2 
C, 649; H,29. C,,H-O,! 65 H, 2 It nj 
Or cid (0 ) 1% Cease: esidue 
wit n et h 20 ] ned ee 147 
4 26: H, 36. C,,H-O,! os: C, 729; H, 33 R of 2-carboxy-3 
fl liphe xture of 1-fl rt) and 3-fluc e (3 pa eparabie by 
ib 60-80 ent 
M i B Decomposition of xanthone-!l-diazonium borofluoride, m.p. 154 dec) g 
1-fluoroxanthone (50 p. and mixe 147 
2-Flu inthone : 
Method A gave 2-fluoroxanthone (83°) as white, feathery needles, I C, 72-6 
H, 3°35) 
Method B Xanthone 2 liazonium borofluo i, 1 p. Ids! gec} i 2-fluoroxanthone (58 ) 
on decompositior 
\. A. Co H \. Walker, J. ¢ 48 $3 
F. 5.1 ( Sec. 71, 6 (1949 
R.O.B _, J. A r. 56. 1934 
F. L. Alle d H. Su ky, J. Ch 45 (195 


Kocu and H. SuscurrzK«y 


18 F. L. AUN, ?. 
Method A: 5-f OTO-. oxycarbony pheny: ether yicide entic 3 hone 
mp. 158 d ( Hi | c was h fro ).carboxv-3 -fluo 
: 
Me B \ vie ‘ from py vs one-3-< or 
‘ 
Vik , B 04 
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STEREOCHEMISTRY OF THE REDUCTION 
OF TROPINONE 


\. H. Beckett. N. J. Harper, A. D. J. BALON and T. H. E. Watts 


School of Pharmacy. Chelsea College of Science and Technology. London 


Abstract 


vent and 


nfra-red 


ictors in 


of the 


ents 1s 


reagent and 


trop 


re correct 
of the assay 
cm)] at 972 cm™' and 990 cn 


1S The absorptions were plotted against the 


(tropinone absent) found in the assay. The 


th 


Wil 


w-tropine and tropinone the relative percentage of ea h pr 
The 


total base content, (calculated as amino-al 


theoretical absorption for tropine/y-tropine 


cent Known mixtures of tropine and w-tropine 


un the accuracy ¢ lain ed for the assay By summation ol 


Cal 


recovery as indicated by infra-red absorption was in close agi 


Ilcohol) of the mixtures 


1On-aquecous titration 


Chem. S 
R.S.R 


inone 


letrahedron, 1959, Vol. 6, pp. 319 
4 
; Lie Gg —Tropinone has been reduced under various conditions of time, temperature sol EEE 
reducing agent. The stereoisomeric composition of the reduction product letermined by i777! 
the ereoisomeric course of the reducti e former dependi pon the effe e size 77 
re ee educing species. An assignment of the order of size of reducing species in particular solve 
ne The stereoisomeric composition of the product of equilibration is independent of the DL 
7 ne empe ine syster studied 
a aaa DURING a general investigation of the stereochemistry of addition to heterocyclic 
ee ae ketones, the stereo strv of the reduction of tropinone using various reagents and 
conditions | is been exan ned ; 
in if U1 r workers ha questioned the accuracy of the analytical 
Boos i far ¢ f oi 1 on the reductio 
ceoaures Used it tne a uTCS La CU iit eaquciuion 
Ketones results ol Cl nave pec ed as tne basis for sations on the 
tel chemistry of Uw addition to Ketone Th infra-red spectrophotometric 
‘ee analvtical procedure used in the present investigation cé tuted an accurate ( ) per 
cent) and rapid method for the assay ol tures of trop tropine and =a. 
The ra-red absorption curves for trop ind tropine (1 1) ow peaks at 
958 cm! and 1020 cm~! respectively. which are free from interference from the other ; 
epime!l The assay procedure was based on the peaks (! d other stronger peaks 
b C cted since tft use of these necessit ted comp atlo 1OT sloping back- ; 
nd interterenc w hic made t assay inherently ss accural Ihe tropinone 
content of the mixtures was determined by plotting a calibration curve (Fig. 3) at 
1720 cm”! under the same operating conditions as for the tropine | ibsorptions at 
955 cn d for interference from tropinone (Fig. 3) A 
check was obtained by measuring the absorption 
ae vhich are not in the optimum optical density 
ee (Fig. 4), the lines on which represent ' 
eave results all cases 
| the quantities of tropine, 
‘nt could be calculated 
2s determined by 
R. J. Wicker, J 2165 (19S¢ 
E. L. Eliel and J. An Chem. Soc. 79, 5992 (1957) 
119 : 
ay 
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Optico! density 


Transmission, 


958 972 990 1020 


Wavelength, 
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| 
\ \ 
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i 
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iy Inf cad absorp 
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3 
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2} 
t 
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Stereochemistry of the reduction of tropinone 


Attempts to determine the composition of the mixtures by chromatography on 
alumina proved tedious, and although less accurate than the results obtained by the 
infra-red procedure, qualitatively supported the latter. 

Che results of the reductions of tropinone are summarised in Table 1 


Re sults 
in n-pentanol and iso- 


The equilibration of tropine and y-tropine using sodium 
butanol gave results equivalent with those obtained upon prolonged equilibration 
isomerisation involved in a 2-5 hour 


using aluminium isopropoxide in isopropanol 
reduction with the latter reagent will not alter significantly the stereochemical 


composition of the product of reduction 
Equilibration did not occur using lithium aluminium hydride, sodium borohydride 

even at a temperature of approximately 100 

reduction products increased as the following 

NaBH, or KBH,/water; 

NaBH, /95 v/\ 


Al(OPr)../iso- 


OT potassium borohydride 
n the 


rhe proportion of tropine 


Na/ethanol Ol 
LiAIH,/ether ot 


1; NaBH(OCH,)./methanol: 


ybutanol 


used 


were 
tetrahydrofuran 


\ ethanol: 


NaBH r KBH,/methan 


reagents 

NaBH,/&89 

methanol 

propanol 

Using LiAIH,, the change of drofuran gave similar 
en perature 


s (Table |. nos hang 
tl mical cx le rea sing NaBH, (Table 


of reduction 


reduction mixtul 
‘tion 


, nos. 26,27) 


4 
LiAlH, | lable |. ne | a 


(Contrast Nace and O’Connor*® yund 
and aluminiu! | xide greatly affected 


temperatures 


upon 


reduct 
by temperature 
2-diketones] 


increased the “‘directis 


DISCUSSION 


Facto mtrollinge stereo Yin 
The variation in e ste ; position of the products of reduction of 
tropinone using various reagents and ditions is explicable in terms of thermo- 

action. This explan supported by 


dynamic and kinetic contri 
is Studies of addit arbonyl group of acycl ‘lic and polycyclic 
about the carbony! 


Various 
i that steric | 


new 
COMSIGerea 


ketones.” ackman et 
ining the relative amount of 
} size 


mphasised the 


ers obtained in the 
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s. Barton’! 
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thermodynamic stability of tl isomers in certain Case 
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Dauben 
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TABLE | ISOMERIC COMPOSITION OF MIXTURES OF TROPINE AND ¥’-TROPINE 


(AND TROPINONE) UPON REDUCTION OF TROPINONI 


Total base 


content 


Tropinone 


I 

Na 
N 
Na 
N 
N 
N 
N 
Na 
N 


322 
2 
ercentage 
lime 
Reducing agent Temp 
Tropine Tropine A* B 
1. Reflus 0-5 54 4s ' | 
AIH Reflux 54 45-5 ‘ 
2 
3 H Reflun ) +3 
>.< ) 93 
4 H Reflux 1-0 4 2 
5 H ofuri Reflux 42 )? 
H, § 60 40 4 9 
1? H R ) 49 9 
18 H Ret Sk ) uF 
19. LiBH R 89 
4. N Ret 
AlH 
truc mn ‘ ibsequent to amin coho 
pro 
(f LiAlH d 
B* titratn media (calc. as amino ‘ 
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et al.** stated that increase in the effective size of the reducing agent resulted in “‘steric 


approach control’ assuming an increasingly important role compared with the 


molecular energetics of product formation, “product development control.” 

(a) Thermodynamic factor. A method of allocation of the relative thermodynamic 
stabilities of epimeric alcohols involves the measurement of their percentages in the 
mixture obtained under “‘equilibrating conditions”. The relative importance of 
factors other than thermodynamic in the reduction of the parent ketone is thus 
assessed from the departure of the isomeric c { he reduction product from the 
“equilibrated” values (usually sodium/alcohol e ibration).* Two assumptions are 
inherent in this treatment, (i) that the differen n energy levels of the isomers undet 


guilibrating conditions does not differ great rom the difference the activation 
s of the comple 1e two fo involved in reduction, and (ii) that differences 
quilibrating cond ;dor alter the reoisome npositic he product 

s reasonabl assume howeve hat change le equil ing conditions 
reagent 

inion in 


| he 


iO! 
and 


SUITS 


reduction 


reasonable 
tsONavie 


@ 
| 
ee ‘ the two conformations and thus their relative thermodynamic stabilities. TH 
‘ oe : I erature f equilibration could also affect the stereocl cal composition 
I 
-buty! exam ive 81 cent of e more table isomer. 
ecductions ga a reat | per Cent), a Case In Wh ch 
assum] WOuld appecal iid Umland and Williams 
I ance report tni rea uc O 2-met mpentanone With SOQGIUM |! aliconod y 
Dration of ti ( Wit n ypropoxid ra 
e also Huckel Hardy and sider that dium in 
iil ol iiway yield rhe ratio re and a sirFessead the 
rtance of tl temneratitr +} 
The pres tion oF the ¢ ratiol troy tropine indicates 
ntan ible | nos uct ( at cn are in 
al agreement with the ym obtained t ( 1 ethanol or 
sodium in isopropanol reductions of tropin« Furtherm¢ > 
lone at different temperatu iri i a 
ssume tha e rest a ) ne alc 1OIS Per S@ 18 t 
) G and that the « t of the re ‘ 
Eqguilibration 1s assumed to proceed via d y« ation to an termediate 
14 net tern liate 
etone (or aldehyde) and subsequ red in Instanc ermediate 
etone has been shown to be formed in the reaction!® and Doering and Aschner?® 
completely inhibited by the exclusion of oxyg notassium peroxides and carbonyl! 
f the 
cart } ct t ‘ 
( ) ‘ | il co 
W.H 1 S33. | 
W. Huck ri G O hen ( Vol. I. p. 286. Ak \ _ 
1934 
tea W. Huck nd H. Naab, Ber. D ( 64, 2137 (1931 
ary W E. Doering and T. C. Aschner, J. A Chem. Soc. 71, 838 (1949 
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compounds, but that addition of oxidation—reduction systems caused rapid equilibra- 
tion 1 pre the ketone (tropinone) has been proved to be present in the 
products of equil atior 


using sodiun n-pentanol or 


|. nos. 31, 33, 35 and 36) 


aluminiu propoxide as 


Since tl ome | unatl y the reagents, equilibratior 
of the epime hol ol 


- ~ 
JH 
88% 1% = 
il | | sO cnt and 
aclo UUs 
t. Mov tha 1) result ir 
a ch ‘ ‘ . 
droy 7 ynformation (I) 
4 
~ 
™ 
N N R 
< 
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The rate controlling step in the addition of an organometallic reagent to a ketone 


is considered to be attack of the R~ on the carbon of the carbonyl group. Although 


full clarification of the mechanism of reduction by complex metal hydrides and 


alkoxides has not yet been established, there is general agreement that the rate 


controlling step in reduction is attack by an H™ on the carbonyl carbon Due to this 


similarity of mechanism, it would appear reasonable to use as evidence for the 


conformation of tropinone under nucleophilic attack, the fact that the reaction of 


phenyl lithium on tropinone gives only one isomer (97°, ).-"-** The infra-red spectrum 


of this alcohol indicates the tropine-type character of the hydroxyl group (type of 


| intramolecular hydrogen bonding). which establishes that 


absorption and lack 


tropinone must have reacted in the chair conformation 


In the reduction of tropinone, steric factors will result in attack from side *‘a” 


being less hindered than that from side “*b’ however attack from side ‘“‘a” will 


require a higher activation energy since the resulting anionic complex will be developed 


in the thermodynamically less stable axial conformation. Increasing size of reducing 


species will therefore favour addition to side “‘a” to yield tropine, if the differences in 
the activation energies of the two sides of attack upon the carbonyl group are 
ipproximately represented by the differences in the energy levels obtained during 
qguilibration. [If the carbonyl oxygen is co-ordinated to a moiety of the reducing 
agent, ce. BR. of NaBHR. (or AIH, of I AIH,) increasing size of the co-ordinated 
roup will favour anion { ition in the more stable conformation. The formation of 
1 higher proportion of tropine in the reduction product as R 1s changed from H to 


Carbon 


and soivent ratio ed in 
Table | is AVOPt propanol NaBH(OCH.)./methanol NaBH,/methanol 
LiAlH, /ether NaBH(OCH.,),/water NaBH, / wate This differs from the 


NaBH, AIH, 


formed the basis of their conclusions, e.g ilue oO per cent somer 
reduc ) Aadnone | \ H, aliues Of 64 | d 60*4 pel 
cent have been reported \ value of SS per cent n ymer in the equilibratiors 


of 4- methy ohexanol was used but | 


per cent using an infra-red analytical procedure which appears to be inherently more 


since the eflective reduci species the controling kinetic actor, interaciion 
(cither pi ysical or chemical) between the solvent and tl reducing agent becomes 


mportant. The formation of etherates of LiAIH,’ and LiBH, has been established, 


ein 
325 
@ OCH,, indicates that the steric control of the direct attack upon the Cari 
plays a much more important role than carbonyl oxygen co-ordination. 
~— Reagents and solvents. The order of effective reducing species size of the reagents 
order given by Dauben er a/.!! [A(OPr'”), > EEE) for reduction of 
and 4-alky! eXanones dgifierence provdaDly arises Decause these workers 
did not appear to fully co der the eflect of solvent upon the reducing species size 
certain anomalies also appear in the published results for the 1tsomeric contents w hich ; 
R 17] 
a 
A. H. Beckett, A. F. Casy, G. Kirk and J. Walker, J. Pharm. Pharn 9, 939 (1957) ; 
A 4. A. D'A 73, 34 
a ki, H. B. Moore, L. E. Roth, K. J. Mar G. W.S effer. J. Amer. Che s 80, 549 : 
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H. 
> 
ippears to have been given to the 


may aflect 


sted that the solvent 


duct using LiAIH, 


lvent will affect the 


Wi 
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effect of solvent although Dauben ef ai “ve 
In the present tigat t has been established that the so 
isome;»ric DOS e reduct procuct ca t extent where chemical 
reaction betwes t and Occ Lo p i new reducing speci 
/ Reductio ia Ke e with I AIH ‘co dered to 
LiAlH 
NaBH(OCH.) 
: — , 
B (Vil 
t+ A where y 
¥ 
Sart | ry x il r) 
44 pa ( 
1 effect ra d iran and propanol 
ee is ind d by the rat Otained reduction of tropinone in these 
Ir tne ag cl systen increase in the content ga tilt CTCase 
H.C. B E. J. P. AT 9, 40 
w.G.D ir. J.J R. A.M A ( 78, 3752 (1956) 
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in the tropine content of the product (Table |, nos. 10, 11, 12 and 13) indicating the 


participation of a larger reducing species, presumably the methoxyborohydrides, 
since NaBH, CH.OH — NaBH.(OCH.) CH,OH NaBH,(OCH,), CH,OH 
» NaBH(OCH,) CH,OH NaB(OCH,),;>™ this pattern may be influenced by 


disproportionation. The products of reduction will depend on the ratio of the various 
borohydride species present and heir relative rates of reaction. Increase in the 
trimethoxyvborohydride 


methanol content will vield more of the larger, more reactive t 


(the participation of the tropoxy species in the reaction must play a less important 
role than in the case of LiAIH, reductions). The use of borohydride in ethanol might 
be expected to give an even larger ethoxyborohydride reducing species, but the 


contraindication o yf reaction between 


f the results is easilyexplained by the slower rate of reac 


pation of the smaller BH, 


NaBH, and ethanol” and therefore the greater partici 

species. This trend is further indicated the case of n-butanol (Table 1. nos. 13, 14 

ind 15). The similarity of the isomeric ratios obtained using borohydride in water, 

tetrahydrofuran and propanol already noted is not unexpected since Brown ef 
have shown that NaBH, reacts with lower straight chain Dut not branched 


someric 


NaBH(OCH 


bution of large species in the former solvent, methanol 


he 1 cor 


C iicreascu 


ting with the BH, produced by disproportionation to give the larger sul 


borohvdrides (Table 1. nos. 20 and 22 

The reducing capacity of the borohydride 1on ts ma ed iffected by the metal 
ion present,™ e.g. NaBH, reduces an est wwly but LiBH, rapid Hardy and 
W r'3 found that KBH, in: sus ethanol gave 41 per cent but NaBH, tn aqueous 

anol gave 61 per cent of the more stab ymer upon reduction of neth )- 
hexanone. However. changes in solvent composition rather than the cation component 
may have effected this resu Reduction of tropinone with NaBH, and KBH, in 
water gave results similar to those obtained u LiBH tet drofuran (Table | 
nos. 6, 17 and 19); non-participation of the cation in the cours¢ of the reaction ts 
therefore indicated 

In order to establish whether nascent hydrogen plays a significant part in the 
reduction. an inverse addition to the ketone of a solution of sodium borohydride in 


ih di roe had ceased was Carried out, | S Gave an 


water. in which visible evolut on ¢ 


‘<omeric mixture similar to that obtained on direct addition (Table 1, nos 7 and 9) 
{/uminium isopropoxide in \isopropan Cvclic intermediates in aluminium 


Woodward** considered the hydride 


alkoxide reductions have been postulated 


Bre 


E. J. Me ind B. C. Subba Rao, J. Amer. Che S » 6209 


’ 
chain aiconols such as isopre panol and /-Dulanol 
“aes Sodium trimethoxvborohydride in methanol might be expected to give i=_ 
— ratios similar to thos f borohydride tnanol the discrepancy n the results 
ee (Table 1. nos. 13 and 22) is explhicab tel of t different contributions of two 
a ictions. one the irreversible reaction of the borohydride wit ethanol, the other 
the reversible disproportionation of methoxyborohydrides as follows 
2 NaBH(OCH.,), — NaBH,(OCH.,), NaB(OCH,) 
bie Che different results obtained using NMMM,), in methanol and in water | 
ndicates t 
H. C. Brown and B. ¢ 5 | 
: R. B. Woodward, N. C. Wendler and F. J. Brutschy, J. Amer. Chem. Soc. 67, 1425 (1945) “$83 
‘Ww yn E. Doer ind T. C. Aschner, J. Ap Ci ‘ 75, 393 (1953 
L. M. Jack ind J. A. M \ Lond. 164, 789 (1949 
*L. M. Jackma nd A. K. Macbeth, J. Chem. 3252 (1952) 
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attack on the carbon of the carbonyl group to be the initiating and rate controlling 


step whereas Jackman ef al considered an initial complexing of aluminium to 


the carbonyl oxygen followed by the rate controlling hydride attack on the carbony! 


carbon 
Since equilibration involving Na and n-pentanol and Al(OPr'*’), gave comparable 


results, and reduction using the latter gave a much higher proportion of tropine than 


occurs in the equilibrated product, the following reaction in which the bulk effect of 


the reagent is in evidence in the kinetic control 1s indicated 


Co-ordination of tl pair opane nitrog ium may also 
facilitate approach le (see la creas the tropine 
isome! 
Sodium 

reduction um always leads to lucti equilibrium 
mixture an have emphasisc mportal perature this reaction 
Reductior rol ne using n ethanol/to r in ijsobutanol/toluene under 
differing ions of peratu ults lentical with those 


obtained on equ 


opimnone 


5 hi 

The 

| organk 
eduction which 


eduction product 


2? 
ne 
— 
5 
< Dr 
4 
A 
Pr A H 
libration (Table |, nos. 25, 26, 27 and 28, cf. 35 and 36) 
EXPERIMENTAI 
Vlateria trop pure ple ftened at 38 and 
melte 4)-43 | 40-8: Calc. for C.H,.ON W ‘ esm.p 42) 
Commerc ble 12-4 $2: Cale. for 141) and 
was abse Recry pine enze ple m.p. 64 
(Orechoft! ad Ke 65 ‘ ‘ \ Ps tropine 
; iW tte » 108) 
48 hr before assay. | . c ere ne 0-02 N perchloric acid in 
lac ce cid th O Blue B as ihe perce base (calculated as 
Reduction with lithium alun ) / 
(i) A s itn ol opimone 2) in (20 cc) was added dropwis over a 
2 period of 0-5 hr to a suspension of LiAIH, (0-70 g} in ether (100 cc) and the mixture 1 7 
morganic res ether, then re XC alco ine ¢ 
R. Wills er, Ber. D ( 29, 934 
d R. Ke B 67. 1142 4 : 
A. H. Beckett and E. H. 1 ey, \ 2 Ed British Drug Houses, Poole 
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(1) was obtained. Tropinone (2-00 g) was reduced with LiAIH, (2°18 g) in ether (100 cc) refluxing 
for 3 hr, yielding 1-80 g reduction product (3). Reduction of 


tropinone (2-00 g) with an assayed 
solution of LiAIH, in ether (35-5 cc containing 0-0039 g LiAIH, in 1 ml)*® yielded 1-80 ¢ reduction 
product (4) 


(u) Tetrahydrofuran as if 


tropinone (2-00 g) and 


g of reduction product (5) 


The first reduction was repeated using 


28 g) in tetrahydrofuran (100 cc) to give 1-96 


lithium aluminium hydride (0 


Reduction with sodium borohydride 


(1) Water as solvent. Sodium borohydride (0-40 ¢) w 
in water (50 cc) when immediat 


as added to a solution of tropinone (5-00 g) 
e effervescence occurred The solution w 
it 20 . and was then extracted wi hloroform (10 SO cc) wl 


as allowed to stand for 24 hi 

yn gave 4°60 of 
was repeated (a) at 20 for 2 hr and ‘fluxing for 48 hi 
mon 


Ina 


reverse 
hy droxide 


tropinone 


extracted 


ropinone 


ey 
4 
reduction product (/) The reducti 
when 4 Ig and 4:20 @ respectively of 
addition 1 solution of sox 1 borohydride (0:20 g) in 10 pel cent aqueous sodiun a 
solution (25 cc) was allowed to stand until effervescence had ceased. A solution of ===: 
: (2°00 g) water (25 cc) was added and after stan \ e solution at 20 for 2 hr it was im 
vith chloroform. v h or noration 1-81 of red np )) 
a with ¢ form, which on evaporation gave | eduction produc 
— (it) Aqueous methanol a nt. Sodium borohydride (0-80 g) was added to a solutior Of ( 
(2°00 g) d ce queous methano U cc) e effervescence occurred After 
— standing the solution at 20° for ¢ e bulk of the solvent was evaporated, water (10 cc) added and the 
The on is epeal« DY etluxing SOIVCI cent ous ethanol 
eget a and (b) absolute methano en 1-87 ¢ and 1-95 g respectively of reduction products (12 and 13) were ; 
obtained. Tropinone wdification of e method of Dauber a A solution of 
ty sod poronyv« de (U-6¢ ) mix eorly € > parts € im cc) is ded to 
car ees 1 solution of tropinone (2 r} in met 10! (5 cc Atte tanding the s on at 20 f 16 hr the 
Of e soivent sre nace eaduced pressure (10 cc) adde mix e extracted 
(iii) A ho TI n 1) using ) absolute 
ethan b) w-butar nd (c) propane eflux) solvents when 1-89 1-99 ¢ and 1-97 
CSPCc ely of ed proaucts 14 14 1 ere optainecd 
Red th not j 
) Wa a Potassium borohvdride (0-26 #) was added to a solution of tropinone (2-00 ¢) 
; n water (50 cc) whe f ed eflervescenc curre After standing the s mn for 24 hr at 20 
i) Phe reducti ( ic no repeated using 
f A sol pinone { UU in te i ol an (50 cc) was 
dded drop neo | stirre O { m borohvd ()-1¢ ) in tetrahvdro 
furan (50 ¢ nid 1 mix e refluxed for § Water (10 cc) ided et inydroturar 
4 the fue dissolved iry ethe vhich afte ilte ’ 1 evap tion gave 1-90 ¢ of reduction 
product (19 
: ) Water as solvent. Sodium trimethoxyborohydride (0-9 g) was added to a solution of tropinone 
1.00 in water (50 cc i the mix wed to 0 fo fte is extracted 
orofort h on evapo n gave 1-94 ction produc 0). In asimilar experiment 
q the mix xed for 48 } vielding 1-99 @ red tion nroduc (71) 
\fJethanol a sodium trimethoxydor UO ¢) was added to a solution of 
: tropinone (2-00 ¢) in methanol (50 cc) and the mixture refluxed for ¢ ! The bulk of the solvent was 
oH, Felkin. B Ci 34 1951) 
: ‘tA. Nickon and L. F. Fieser, J. A ( 4, 5566 (1952) 
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removed under reduced pressure, and water (10 cc) added. Extraction of the aqueous phase with 
chloroform gave on evaporation 1:82 g¢ of reduction produce (22) 


Re dic lion ith alumini 
opoxide (14-0 g) in absolute 
S| The bulk of the solvent 
iking ilkaline 


reduction 


with concentrated ar oniu vdroxide solution, extraction chiorotorm gave 4°62 
produc 3). The re ‘ repeater Oy oO u nium p opoxide (/-Og) 
i 
extracted n ci ol nic on evapor on eductio product (24) 
Red ction wilt 
e A solution of trop ne rOg)u xture of toluene (20 cc) and absolute ethanol (16 cc) was 
‘ eX ctec by iene A red 
(3 cc) ‘ )-¢ ene (20 cc) ove 
| crm ) eX cle s above 183 of 
(28) 
) pied \ solu the conol 
: 
14% 
‘ ed cohol (1-5 @) 
d 0 f ‘ 
CT ‘ 
| ere € 9] hriu 
by 
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ANTHRAQUINONE AND ANTHRONE SERIES—XXIII* 


THE NON-IDENTITY OF 1:3:8-TRIHYDROXY-2-HYDROXYMETHYL- 
ANTHRAQUINONE WITH VERSICOLORIN AND A SYNTHESIS OF 
DAMNACANTHOL AND DAMNACANTHAI 


R. 
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in the 1:3 8-positions The 6-position for the hydroxymethyl! group was ruled out, 


since versicolorin would then be identical with citreorosein (111: @-hydroxyemodin) 


On the assumption that th ydroxvmethy! group was | -position, based on the 


fact that no naturally ing ; n ouring matter with a hydroxy 


methy! group in a L-| ion has far ‘ner inte! it followed that versi- 


color was const 


car©riict synthesised Py 


the cor formaldehyde 


VOrOXy 
anthraqu irkens and decon poses at 

29) a-acetates of | and versi- 


colorin n 


*N. R. Ayyang 


i 
> 
oe 1 -3:8-Trihvdroy hydroxyn inthraquinone (1) has now been synthesised by 
an unambiecuous thod and ra ts tix ire different fro those 
Hatsuda Versic therelore doc have tl tructure | We have show! 
4 \ 
o 
j 
3-4 4 
Luck dihy varoxy via sguinone) 
lt at 205° and 225 respectively 
Ear and K. Venk ny BIS 
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Versicolorin and the synthetic compound | differ in their absorption spectra in the 


ultra-violet and visible regions (Fig. 1; lucidin and 1:3:8-trihydroxyanthraquinone 
are included for comparison). The infra-red spectrum of | (KBr pellet) shows 
absorption bands at 3436cm™'! (alcoholic and /-hydroxyl groups, which are not 
distinguishable), 1670 cm™~! (unchelated carbonyl) and 1617 (chelated carbony]) 
the fol ing maxima have been recorded’ for lucidin 


In the regior 
(1 :3-d 


Ver 


3367, 1667 and 1621 cm 
ery weak band seen as 


S WOTK ON VeCTSICOLOTIN 


carbonyl band in tl 


eserve.”” but ther 


nh was col 
methoxide and copper oxide in 


i-halogens by methoxyl groups was 


tated by the use of coy ‘r oxide nen i heated with calcium hydroxide 


copper bronze under essure, 


H. B 
H. 
M 


344%. 
Esicolorin sho rption bands at 3330 1673 ¢ 
— 
an inflexion o ) and 1620 Reviewing Hatsuda . 
Th has stated that * Ippe to be only one Ec 
VOLe infra-red spectru (structures La 1] ist be accepted with reserva 
are twe bor band the infra-red spectru 1 the sample of versicolorin sent to 
us H W | spec i ere ined it Nujol tne 
chelated carb both | I is overlapped by the phenyl! band 
> 
veriapp ted is been observed nira- 
The tyo the structure I] cannot be eliminated 
( a il US). 
Oxidat boiling benze ive the corresponding 
al ag tha }and fa na n nature [wo 
of t ild de (V) re ydrazine 1 et pound (VI) 
af estal ng that t d dk V occupies a $-posit and that IV therefore 
| | ( | | | y ( Inde ne 
Ln lehyde wi nave re- 
\ | Ud Uc a 
Vv 
droxvant sguinone (IV) starting from 1l-amino-6:8- 
an oroant aguinone was reported but the f yllowing route more cCon- 
venient. Brot illo l-amino-5 roanthraquinone ga l-amino-2:4-dibromo- 
5-chloroanthraquinone (VII). Dea ition of VII by diazotization and boiling with ¢ 
ethanol gave the ilogenoanthraquino (VIIT), 
trimethoxvanthraquinone by refluxing with sodiun 
methanol. The replacement of both the «- and (xs 
and Eee Only the x-halogens were replaced by hydroxyl 
\ O O Butterwor Le (1957 
I t Pi B 4, 298 (19 
N ish and K. Venk un. J. Sei. Ind. Res. B13, 825 (1954 . 
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groups methylation the t her by means of aluminium chloride 


sodium chlor t 145-15 ven yielded | :3:8-trihydroxyanthraquinone (IV) 
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(X). from the roots lan: D Sieb and Zucc., 
D. ma Sieb and Zucc K oid d D Gaertner fil. var 
} pi is Makino. He dicated en damnac hal (X) 
and the d Per} ind H om 
the f IX and X reinol 
x 
J 
Me 
M Me 
Ae 
XH N-bri de 
‘ ‘ ‘ 
‘ i cid 
Me 
y H.OA 102 
oni A A A 
xml 
2S. Nonomura, J. Phar 75, 21 22, 22 
4. G. Perk ind J.J. H 65, 854 (1894 
B. S. Jost N. Parkas ik. V k ys 87 
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formed with water; XIII could also be obtained by acetylating lucidin with acetic 
20°. Methylation of XIII with diazomethane 


(XIV) and subsequent 


anhydride and potassium acetate at 15 
295 


to 
hydrolysis with methanolic potassium hydroxide gave damnacanthol (IX), m.p 

The aleohol(1X)on oxidation with manganese dioxide in boiling benzene gave X, 
of natural damnacanthal kindly 


211°, undepressed on admixt 
supplied by Prote r Nonon 5 etl m 
natural damnaca! 
EXPERIMENTAI 
To 


it 100 


rk 


99-0. C,,H,O,Br.CIN 


(Vill 


none 


ml) 


und (X) and 
a-red spectra. 
mino-S-chior 
* i-a no-d-€ oro- 
anthragquinone (20 g) and glacial acetic acid (5UU mi) | bromine (20 ml) in glacial acetic acid 
(40 ] 21 \ n was contin t 100° Ik aI nd the dark red 
a 6). from chlorobenzene gave dask red needles, m.p. 250° (Found: C, 40-5 
H, 1-9; N, 3-3; Cl, § Br, requires: C, 40:5; H, 1:5; N, 3-4; Cl, 84 
Br, 386%) 
H,SO, (25 ), cooled ir e-| to § nitrite 
(100 Gla etic ac sO ir f 15 min. the 
, re 245° (1 i: C, 41-6; H, 1-2. C,,H,O.Br,Cl requires 
‘ of omo-8+ \inone (VII 
( H, 2 Br, 2 C,,H-O,B 
( 2 H 2: Br, 25 
) | m.p. 19¢ 
1: ¢ H.4 OMe, 29 ( H, 4-8; OMe, 31-2) 
le 
H¢ | e was 
¢ | ( 45 H ( Ht) ( H The 
al KB t) sh $82. 1480. 1454, 1416, 1368, 
~ TAY 79 l 
1338 1230. |] 1OS¢ 1020. 973 3. BRI 63. d SU + 24 cm 
(1-5 NaOH (20 ml) was cook 20-2 nd treate formalir 40 
+? ‘ i to star 16 hr, then - 
ond le vitat The product, which 
: was verv sparingly soluble in ethy etate a ol, crystallised fron xan in orange yellow 
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C,.H,,O 


and sodium 


microscopic needles, darkening and decomposing above 295°. (Found 
ves a 1 SO! 


rec es: ¢ 3-7°.). The substance 


hydroxide solutions 


1044 


OMe, 10 
3-Hy 

(0-5 

hot 


the 


depressed on adn tu with a San hatura 
" nth 
i 


(Found C, 68-4; H, 3-6. C,.H,,O ull e infra hi 
ichloride show n 2935, 1965, 1876, 1754, 1670, 1610, 


the compound (X) in carbon te 
220, 1194, 1064, 1030 an 2 cm 


1510, 1468, 1382, 1354, 1270, 1 ultra-violet and 
M. Harfenist, A. Baviey and W (1954) 


im cart 

Rees and a brown solution in HE, Versicolorin gives a violet solution in sodium . 

: carbonate and sodium hydroxide solutions and a bright violet s on in H,SO,. The fra-red a 

a spectrum shows maxima at 3436, 2940, 1670, 1617, 1572, 1480, 1454, 1416, 1368, 1338, 1309, 1280 Ca 
1254, 1218, 1196, 1163, 1039, 996, 974, 916, 897, 877, 859, 838, 80 7465 Vers 
colorin shows mamma at 3330, 2940, 1670, 1620, 1582, 1484, 1449, 1382, 1313, 1284, 1236, 1218 ee me 

: 1182. 1163. 1064. HE. 1030. 996. 970. 940. 904. 874. 85 R94 761. 742 and 723 cr en 

cryst sod from ethanol | ‘ edies, m.p. 205° C, 60-4: H, 40. C,,.H,O 

requires: 60-8: H. 40 

3:8-Trimeti y-2 \ 2 ‘ 
methylant guinone (0-14 25 ) 

n conc H.SO VI 
of \ ( . | 
2 Z ( 64-4 H, 39 
C,.H,,O, re C, 642: H } Ar X11 brown ¢ 
2 ” imthragu XIV I f lucidin-2:3 cetate 
im te e (40 exces ether Att 
156-15 C, 65 H, 4-5: OMe, 8&1. ( 52; H, 43; OMe, 8-4°%,) 
Lu vlether (Damnacant/ IX). A solutio methat cp siun 
hye xide (50 } is I ed at 25° for 24 Ac ‘ cetic acid gave a bright 
(with darkening) (Found: C, 67:5: H, 42: OMe, 11-1. C,.H,.O. requires: C, 67-5: H, 42 
) 
v-l-methox vanthraquir e-2-aldehyde (Damnacantha Lucidin-|-methy ether 
F refluxed with manganese dioxide nd benzene (40 ml) for 24 h nd the solution filtered 

7 mi ' the residue (0-3 @) crvstallised fron thanol in orane ellow 1 llee mn 11 un- 

16 
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visible regions both damna thal and X exhibit the following maxima: 2500, 2810, 3800 and 6150 A: 


log +4 i respectively 


nitrobenzene in golden yvellov needles 
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The 2:4-di enylhydraze X crystallised from 
m.p. 300° (Found: N, 12:3. C,,H,.O.N, requires: N, 12-1°%) 
{cA We inaedted » Profess Ha i Sample of versicolor n, ( 
Non f canthal, to f Scientific and Indust Research for 

tne fal N. R. A.) D.S Mr. V. S. Par e for the 

mic st ito Dr. (M S. Da sta for the infra-red spect 

ae 
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STEREOCHEMISTRY OF THE PRIMARY CARBON—X 


STEREOCHEMICAL CONFIGURATIONS OF SOMI 
OPTICALLY ACTIVE DEUTERIUM COMPOUNDS* 


A. Srrerrwieser, Jr.. J. R. Worre, Jr ind W. D. SCHAEFFER 
Cher y Department, University of California, Berkeley, California 
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reactior knov p rhe 1 nd conf itions of 18 optically 
previously described the preparation of optically act 1-butanol-1-d 
z-d alcohol’ by th pa as\ ul reduction of the ¢ esponding 
hydes with rd reagent ol active secondcal cohol 
1 de e the 1 ab ite CO ations of these al Ils and Tan 
e oll optic: ctive deu im co ls using considerations of 
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The mechanism of reduction by halomagnesium alkoxides has been proposed to 


~ 


involve a quasi six membered ring.?»* Hence, our reductions are directly analogous 


to the elegant work of Doering and Young” on the partially asymmetric reductions 


of ketones with aluminum alkoxides. The absolute configuration of (+-) camphor 
is 1.* Hence. (—) isoborneol which is formed on reduction is Il. This configuration 
can be represented as II] in which the small methylene group, S, is at the reat and the 


large quaternary carbon group, L, isin front. In the reduction of a deutero-aldehyde 


> 
Lie 
b alomag ul lkoxide from the cyclic chant proceed by each 
CM of two transition stat The re stable depicted in IV involves steric interactions 
petween tl sn p. S, and t rve up R.a d | \ ine targe oup. L. 
het 
[oe aa L grou 1 the large R yu] d f | er energy The deutero- 
ot col hich results from IV has t uration in \ 
x 
/ 
— 
sinc in nh ( ae ‘ 
nas the ira Vi | ‘ i has 
4 
MS. R j \ 
y 4 
I af ( 72. } 
WwW. t 1) { | \ A Vi 
72. 4814 (19 ) 
k 187, 22 
| W ih Bok k | } 
( scand. 1, 3 47) 
B inn. R 47, 192 0) 
jenberg 4; Chem. 65, 259 { 
7 5 . 
S. Novee and D. B. De ( 76. 154) 
M ind W. Kiyn 1 W. Kly \ | But VOrTtns 
S tific P catio Lor lo (1954) 
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The reduction of undeuterated butvraldehvde \ deuterated j rneol yields 


deuterated butyl alcoho! havin 154 4 1) and ul atoms 
per molecule. Thus the 

0-004. By the sa 

n VIl. Benzyl 


san 


=: 
ey gamc configuration according to this reasoning. The same conclusion with respect eS 
to the absolute al Or i-Dutal iw ted by | Lo u nd 
Vennesland”™ based on application of the s: rea ‘tot pro tion of (—) 
l-butanol-l-d by ductio but th 2-octa This 
3 ().O8 
| 
= 
Vil (R CH(COOC.H.jCOCH Hyd 
hydrocar! al CH.COCH nd CH.CH.CH re 
tivel By ap ate ¢ rotat f 
butane-| ric ( is tandard ak { 0O-O4 
with 9] > me Cel | f 
direct displa but ) 
aceto! H co 1X R ( 
, 
lithiur | r tion of | hloride in but 
a kinetics.*” Hence t clio b t displac t type ol 
inversion of co ira Because of t chioride in ethers 
and the cor guent | t\ nartial racen t} 
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chloride ion liberated in the reaction, the displacement with phenyl lithium was 


carried out in benzene solution, in which lithium chloride is insoluble. There is the 
possibility that the excess phenyl lithium would cause partial racemization of the 


product l-phenylbutane-|-d by a metalation reaction. This possibility was eliminated 


one-fourt 
0-93 
and butyr 
invol 
n-propy! 


usually 


isoborne: 


assump- 
nparable 
If the ntici yptically pure butanol uld have | Ihe close 
correspondence with the observed value is probably fortuitous but demonstrates that 
our alcohols are probably not far from optical purity 


0 
H 
| bY a comparis of the rotation of I-phenylbutane-I-d isolated aft about 80 per 
cent reac mn y { +. 0-Ol” (/1) with that isolated Iter ¢ pic eaction, 
ris | Hen ine { } ydrocarbon las ti | iratio 1X 
( H ) Lie hvdrocarbor Vill (R ( H } | co 
relativ Col at d duc d ah ‘ 
ile Nols and Wo a an stat n of l-but ino ol 
a ott ame oy alpu ilco ()- 15 0-018 The butanol- 
differenti: teric ¢ ti ip nvi group on the one ind wit a 
Ag roup on the otnel In other eactio a pl 1s 
we would expect the reduction of benzaldehyde to be rather 1 { SD 
a ere pecilic 
than tl reduction of butyrald de | ipproximate equality of t tereo- 
specificity strongly gests that Dot reductio wil bo are close to 100 
, per cent stereospecific c., the tation of the standard benzyl-x-d alcohol (vide 
, 
supra) is rather ¢ to the rotation of optically pure alcohol 
[his conclusion about the near optical purity of the alcohols obtained by the 
Blmmms| reduction receives furt support by the follov argument In ar 
elegant series of experiments, Loewus, Westheimer and Ve and~’ demonstrated 
: that ethanol-l-d produced b tne ¢ ymatic eductio OL ace dehyde-d by yeast 
alcohol dehydrogenase 1s optically pure. Enough of this alcohol was recently isolated 
* In the series of methy n-aikyi carbinols the molecular rotations change smoothiv from 10-3 for 
J. Cra F. A. A. f z, J. Amer. ¢ 74, 5828 (1952 
F. A. Loe H.W heimer and B. \ imer. Che 75, 5018 (1953). 
“ : * Jj. H. Pickard and J. Kenyo J. Chem. S 99.4 1911) 
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was originally prepared 


A simul 


by Elie’ 
duc t vdri uteriu met hydrocarbon has a 
ular roti » IM] 0-68 06 


rotation o 


monstrated optical activity 


USS O4 of the 


the near 


142 A. Srrerrwiesen, Jn., 
argument applies to 1-phenylethane-l-d whi 
4 
is only slightly higher than the molecular rotation, 
l-phenylbutane-| ym b ak nd suggests aga: 
‘ 
: 
cy ‘ 
CH 
EC. 77 } ; 
G.K.H k C. D. Jo H. Shart Ore. Chem. 21, 844 
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optical purity of our preparations. It is interesting to note that 1-phenylethane-1-d 


and |-phenylbutane-l-d of the same rotation have the same configuration 


nd configurations of a number of optically active deuterium 


The rotations 
compounds are summarized in Table |. The rotations of the compounds derived 
from the benzyl o1 aterials of the same optical purity 

standard benzyl-«-d alcoh ythea ments presented above these rotations 


all correspond to 


XPERIMENT 


— EEE materials of near optical purity 
A | 
le-d used in this prep thesize before’ with 
. the \ Stepner 
I ed the reac of 
()-O8 
\ \ } ped 
ig 
+ 
| 
j | | 
\ 
5 
0 ) 0-00 
solut } M in phe nd 4-82 ptica ctive 1~ yutar 0-14 0-004 
‘A. Mel R. A |. A 58 
W. F. Edg iL. imer. 77, 48 


was refluxed 


constants 


sum 


\. STREITWIESER 


Periodically 


Ik 


aliquots \ 
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ere withdrawn and 
After 24 hr 


r (about 80 


Phe 


titrated to yield the second order 


on) two-thirds of the reaction 
sepal phase was dried and 


‘ 
The u 


distilled 
n showed the presence of 


and 
0-01 


rate semmarized in Table 2 
mixture was poured into dilute hydrochloric acid a ss a 
to vield mi of terial, O.p. (55 mm) 
co lerabie phenolic mate ence i p luct was washed with d 
redistilled to vield 0-25 mi! of 1-phe yutane-! ».p. 180-18 0-148 
TABLE 2. KINETICS OF DISPLACEMENT OF 1-CHLOROBUTANE-1 7 
10 
Time (se 
0 0-790 
2520 0-750 4-4 
L000 0-610 
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DIENON-PHENOL-UMLAGERUNG VON CHINOLEN~— II* 
BEITRAG ZUR KLARUNG DES REAKTIONSMECHANISMUS 


W. Metcesics, F. Wesse_yt und H. BupDZIKIEWICZ 


11, Chemisches Institut der Universitat Wien 
ed 26 Decemi 


Zusammenfassung 
B 


bstract—R 


Aus dem durch Addition einer Antibase (= Lewis-Siure), z.B. des Acetyliumions 


B. Witkop und S. Goodwin, Experientia 8, 377 (1952 
S. Goodwin und B. Witkop, J. Amer. Chem. So 


F. Wessely und W. Metlesics, MA. Chem. 85, 637 (1954) 
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. ngen Thieleschen Reaktion besc ber Z Kl ng des Reaktionsmecha- 
nisn vurden auch | erunge! Diacet cheefiihrt 
Dui Reaktionsverhalter scchen p-( ol ind p-Chinolacetaten wird 
Mechanismus der Dienon-Phenol-t bei Chinolacer 
Witkop hat als erste einer vorlaufigen Notiz,* der Jahre spiiter die ausfiihrliche 
Arbeit gefolgt ist,- u.a. Versuche tiber die *‘Thiele’’-Reaktior Chinolacetater 
unc ¢ Mecha us hiezu roffentlicht. Die | b e \ bei diesel 
in o-( iacetat¢ alte cric¢ Weise deuten 
Das Wesen der Reaktion, die als Dic P ol-l I zu bezeichnen ist, 
ch Beispiel des 2-Methyl-o-chinolacetates folgendermass« atisch 
larct 
Ud . 
* Als |. Mitteilu en wir die friher als Untersuchunge ber IV bezeichnete Arbeit 
Wh. Chem. 85, 637 (1954) : 
f Herrn Prof. P. Karrer zum 70. Geburtstag in Verehrung gewidmet 
3 
rx 
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CH,CO’, an das Carbonyl-Sauerstoffatom entstandenen mesomeren Kation A kann 
das aromatische Reaktionsprodukt auf zwei Arten entstehen: 
(1) Reaktion a: Durch eine interne Wanderung des Acetatrestes des Chinolacetates 
an das positivierte C-Atom und Abspaltung eines Protons, 
Der Acetatrest wird aus dem Lésungsmittel Acetanhydrid 


aufgenommen : aromatische Zustand wiirde in diesem Fall durch Abspaltung 


von Essig 


Witkop gibt der ersten Selichkeit den Vorzug, die e entsprechend den vor 


allem von Winstein* und Ingold® entwickelten Vorstellungen mit einem “‘verbriickten 


Kation” B formuli« 


Ergebnis, dass 


das Kresorc 


Witkop stiitzt ne Fo lierung aul das exp entellc bei der 
Einwirkung von BF.-Atherat auf 4-Metl acctat n-2-acctat 
entstent 
Wir haber t auf anderen Wee die Mdelichkeit einer externen 
: Addition eines Acet ' d b zu priifen. In einer friiheren Arbeit hat a? 
einer von fid bei der Einwirkung auf Hydroxyverbin- 
a dungen und Chi e Sik e das Acetanhydrid verhalt, d.h. unter geeigneten oe 
Bed ren in | ler | CH.CO* und CH.COS~ reagiert Eel 
| t ma fid bei vart von BF, auf 2-Methyl-o-chinolacetat 
und 4-M ’ an kein Thiophe , sonde! i 
die gl Acetox n praktisch der gleichen A ite wie bei det 
Reaktior t Ac t ist also ei erer experimenteller Hinweis 
dafiir erb t, di eton is dem | tt Acetan 
re hydrid at d den ¢ ceta t der 
dass d \cet t rascher erlfolgt als d 
ing Chinolacetaten liegen abe 
schon die \ tat. Bei der | ung in 
Acct H dukt ( D droc cetal |- 
ten word D \ C-At trete! Diese 
1 :3-Wand \ Acetatrestes ube! 
ein verbrii K B tc e lung 
dieses V« inges 
‘Ss W R 6s 4 
WwW. Me Mh. 88, 804 


Dienon-Phenol-Umlagerung von Chinolen—II 347 


Wie man durch raumliche Betrachtungen erkennen kann, ist diese | :3-Wanderung 


auch durch eine “‘direkte”’ Ubertragung der Acetoxygruppe an das /-C-Atom méglich, 
SO wie es die unten stehende Formulierung verdeutlichen soll. Das Wesentliche ist 
die Ausbildung eines Ubergangszustandes C, in dem die gelockerten, bzw. noch 
nicht hergestellten Bindungen zwischen den O-Atomen des Acetoxyrestes und den 
C-Atomen 2 und 4 durch die punktierte Linie symbolisiert sind. 


lagerung ist 


Bei der Allylum- 
diese 1 :3-Wanderung experimentell bewiesen worden.’ 


lso die Formel Ia 
Hydroxythiophenols 
Hitiot 


Das IR-Spektrum von Ib zeigt ei 


| :2:3:5-tetrasubstituierten Benzoliing spricht. Zum Vergleich zeigt ei nach der 


ie starke Bande bei 885 cm™~, die fiir einen 


W. Haegele und chmid, pe f , 414 (19 M Terolpishi, 


ag 
Se 
: 
OCOCH 
° 
’ | H 
eae . Die Herstellung der Bindung mit dem C-At 4 ist durchd t der Abspaitung 
Protons verbundenen Energieabfall zum aromatischen S bedingt 
Wenn die Herstellung dieses Ubergangszustandes C eine grossere Aktivierungs- 
ert rt als fiir die Bild erbriickten Kations B bei einer 1|:2- 
Wa t, so uss die Reaktion zum Hydrochi diacetat langsame! 
ert en als die Bildung des 2:6-D toxytoluols aus dem 2-Methyl-o-~ lacetat. 
1C nade ro der | ia ru aies¢ ( icetate ich eine geringe 
x 
f di vt (] \ 1) x1 Ldditionsreak- 
| T} . rt d. dem 
Mi ner LAddit 
be 
K. Schmid, 
Amer. Chem. Soc. 76, 6165 (1954). 
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Vorschrift von urch Reduktion von |-Hydroxy-2:3-dimethylbenzolsulfon- 
siiure-(4)" ydroxythiopher ol Ilb eme Bande be: 795 ¢ 
Benzolring. Weder Ib noch Ilb zeig 
OH und SH, w lics bei Mo 


.. 
katechin der Fall ist, woraus folgt, dass Ib kein Thiobrenzkatechinderivat darstellt ee 
ne 
Es exper tell | ene Tatsache, dass die D erung 
acet d S \ cael 
let llid t W gel 
iif R bed R t\ 
ben | lic | rh \ irid-BI fix 
K re X \ 
Verb x rM das WDiacetat d 
l oluhydroc XI 
* Dix " 
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Schon Witkop hat diesen Dualismus zwischen Chinolen und Chinolacetaten zu 


erkliiren versucht und fiihrt die Tatsache, dass ecinerseits aus III das Diacetylderivat 


IV entsteht, andererseits aus IX Kresorcindiacetat, auf eine Konkurrenz zweier 


Reaktionen zuriick: “possibly the hydroxy! group of III is more hindered than that 


of [IX and does not become acetylated before the rearrangement.” 


Es hangt, wenn man die Verhiltnisse ausfiihrlich diskutiert. die Art der gebildeten 


Reaktionsprodukte von der relativen Geschwindigkeit folgender Reaktionen ab 


(1) Acetylierung der freien tertiiren OH-—Gruppe des Chinols, der die Dienon- 


Phenol-Umlagerung des Chinolacetates ohne externe Addition eine: Acetoxylgruppe 


2) Dienon-Phenol-Umlagerung des Chinols unter Wanderung des Alkyl- bzw 


Arylrestes ohne externe Addition einer Acetoxylgruppe und 
(3) Externe Addition der Acetoxylgruppe an 


fa) Gas aus del ( hinol oder 


(b) dem Chinolacetat ‘ 
durch Addition von CH.CO* entstehende Kation 


Wenn z.B. bei einem Chinol die Reaktion (1) wesentlich rascher verliuft als die 
5 


Reaktion (2) und (3), so muss man die gleichen Reaktionsprodukte wie bei det 


Dienon-Phenol-Umlagerung des entsprechenden Chinolacetates erwarten Das ist 


der Fall beim Mesityl-p-chinol: an monomeren Reaktionsprodukten konnte nur das 


Mesorcindiacetat gefunden werden 


it der Reaktion (2) mit der von (1). so ist 


ut anderen Reakt produkten zu rechnen or allem solchen, bei welchen der 


Atom 
OH-Gruppe. Da keine Messungen tiber die Geschwindigkeiten der einzelnen Reak- 


tionen vorliegen, kant al eute r durch Untersuchung der Reaktionsprodukte 


itzen. Besonders interessierte es, ob die Reaktion (3) 


ersucht, mit Hilfe des Diacetylsulfides einen Beitrag zur 
Ent ( dun d Csel Fra u | D B d i! des K resorcindiacetat Xa 
1-Methy! chinol bei de Dienon-Phenol-Umlagerung in Acetanhydrid kénnte 


damit erklart werden, dass man primiir Acetylierung der tertidren OH-Gruppe zum 
4-Met ~Cchinolacetat annimmt (Reaktion |), das sich, wie die Umlagerung des 
chinolacetat hat, quantat zu Xa umlagert. Stimmt dies¢ 
Ant dann dirtt bei der gleichen Reaktion in Diacetylsulfid keine acetvlierten 
| pl le entstel (s.S. 346). Das ist aber nicht der Fall. Liasst man naimlich auf 


d 1-Methy chinol IX Diacetylsulfid bei Gegenwart von BF. einwirken. so findet 
isiitzlic X d XI eine Verbindung der Konstitution XIla 
Die Bildung dieser Verbindung ist nur so zu erklairen. dass an das Kation D 


externe Addition « r nukleophilen Partikel entsprechend Reaktion (3a) még! 


d dass die Additionsgeschwindigkeit des Anions konkurriert mit der internen 


Wanderu! ck Alkvirestes Man ist also nicht gezwungen, z.B. fiir die Bildung des 


Kresorcindiacetates aus p-Toluchinol bei der Umlagerung in Acetanhydrid nur eine 
orherige Acetylicrung der tertiiren OH-Gruppe anzunehmen, der dann die interne 


Wanderung des Acetatrestes folet, sondern es kann das Kresorcindiacetat auch durch 


Addition eines externen Acctations an das Kation D entsprechend der Reaktion (3a) 


: 
| 
jene relativ zu cinander abschi 
lib rhaunt in Betracht ry yieher 
ist 
cntstenen 
| 
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erfolet also die Wanderur 


OH-Gruppe Aus der 
R CH, ist, aber neber VIII aucl etwas \ 


geschwindigkeit des Phenylrestes 


Kation F und der der Acctoxylgrupps 


ii 


entsteht in der Hauptmenge K resorcindiacetat, weil 
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(1) die Acetylierung der tertidren OH-Gruppe in E (R 
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Diacetylsulfid) wurden im Wasserstrahlvakuum bei 120 Badtemperatur entfernt, der Riickstand bei 
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0,1 Torr destilliert. Die weitere Aufarbeitung erfolgte, wie unten ang 


Phenol Verseift wurde mit Methanol 1Oproz H.SO, ] im 
Abdestillieren des Methanols im Vakuum wurde mit Ather ausge- 
etrocknet, der Ather abgedampft und der Riickstand bei 


ervil 


6 Std Nach 


Verseifune der 
ticl ety 
Stickstolistrom 


iuert und 


Wir liessen die Substanzen oberen Phase eines Ge- 


Sin 
schutteit, die Atherlosung en 
0.1 Torr im Kugelrohr destilliert 
a ee af misches von Benz Fisessig und Wasser im Verh. 4: 1 : 5 absteigend laufen. Nach dem Trocknen 
P 
des Papters de mit einer wassrig-alkoholischen LOsung liazoticrter Sulfanilsdure bespriiht 
nus ler nacl em Ve fen durch Dest ereinigte Phenol 
sch wurde \ relOs er Lésung He n>» sriger Lésung in 
UL bers¢ SS etzt. Der gelb Ni bye t und mit konz. H¢ n der 
Kalte zerset DD freigesetzte | ) \ fgenomme le AtherlOsung mit 
1 W nd B bor Athe it ler Riickstand bei 0,1 To 
ert. Di tenen Krist er Petr elost 
f 
Ber 2 2:6-1 Mutt konnte chron 
N » Real 
a \ 2:3-D n we Die Mut 
f Ho-} | er Th.). Schmp. 88-89 
Ber. C, 62 H 5 $, 20 
Zum \ [R-Spektrer 2:3-D Analogic 
S20 ref. S. 20 
Pay eiften | 7 eict 
He-t \ H 17-49 (XII) ts 
C.H,OS Ber. 0.0 H,5,8 S, 22,8 
I. ¢ oUt H 23.4 
) ry \ » 
Mer} K HB Re ibe 
H \ \ enen 1€ 
te NaOH 1 A 
p vik 
> Un rut hyd 
Din re S Mischsc p. 110-111°). D ngs} es sich 
Gea: % M.S.S C.T.B ind D. D. Kanga, J. Chem. Soc. 1375 (1933) 


BUDZIKIEWICZ 


dieselben Reaktions- 


h Mesorcindiacetat 


(b) genannten 


inter 


Untersuchung det 


oduktes 


354 W. Mercesics, F. Wesse.y und H. 
(b) Mesit Bei der entsprechenden Aufarbeitung wurden 
produkte erhalten, d Me tat ergeben hatten,’ nim)ic 
(60°) das Triacetat eines b cht aufgeklarten Phe Cy (20",) 
(c) M N entsprecl ler Aufarbe konnten nur die 
Reaktionsprodukte nachgewiesen werden. Bei der papierchromatographischen 
Verseil cn Kell i cn er Fleck : 
(d) 4-M p Das Papierchro vram verseiften Un gspr 
zeigte nur einen Fiech rel 
ay (c) 4-M yi-p Bei d werchro phisc Untersuchung des verseiften Reak eee 
prod kt | B » la ct eine! 
Mischur i is K cil il + 
} \ » 1) 
Be: 4-P K ne 
a H*-K ie | \ BI 
S S G 10 H.SO, 
iN 
Ty \ 1) ) Mirk i! cnet 
Die IR-S IR-! Perk ym Herrn D 
}. Derk Stelle 
= 


Tetrahedron, 1959 Pergamon Press Lid, Printed in Northern Ireland 


ASYMMETRIC ANNELLATION EFFECTS—II 


CLAR 


The University 


129 December 1958 
nd tetra- 


Abstract 

umption 
hree 

ie type of the 


he central 


S [here 


| A which 
A as found 


tructure of 


econd 


on proaucc 


bar d 


ae Chemistry Department, Ti of Glasgow 
centrai ri if phenyiene 
i IN the preceding communication’ str asymmetric annellation eflects were reported 
AS ed the es benzene I. triphenylene LI and tetrabenzanthracene LI] These were 
scorded in A etter in ter ber e for reciprocal nuclear charges.* 
det ed band of trip! ene and it was found that the 
| m < e cent penzene We ged to napni ene system 
: I 
*. first tion and that t! cond annellation produced an empty ring 
| Ol Fro e Tacts \ ta Del | t nil 
| sle hone ne trons and ed b circie Can transier two electrons 
LO al ne? ited b tne arroy erel one il ced benzenoid 
B C | ec 
If this interp tion is correct ther me pl pl ( ly to the ii” 
niy one bdenzenold I Vil C et ul I cel ndependent of its 
Cl and ccorall iV Onl two trans me Cice ( ( i S view 
hol 
nknown tetradenZotetrace Vi ow: ntne ed cgescriped below. 
inellation series napthalene LV yenzanthi ne \ nd tetrabenzotetracene 
Vi Shows stror symmetric il G A) 
A { ( VAC 
trom 1 band of dit I ne V (93-45 A 
most 1dentic th the eleneth of the nt 
[he conclusion is obvious that in 1 — 
the central naphthalene system ‘tended t n st the 
I 
ani lation an empty I 
In the next higher series all three hydroca s, VII. VIII and LX* are known. The 
deduction of the second shilt (2°38/y A)! : aidenzotetracene 
VIII (55-954/ A) yields a at 53-05 A or \ yand of tetracene is at 
2740 A in heptane solution. The calcu n by 1 I ation principle- gives a 
-band at 2802 A. This comparison ; n indicates that in the first nellation the 
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The idea of two z-electrons per aromatic sextet and benzenoid ring. capable of ee 
migrating through an acene system whilst the other z-clectrons are confined to thei i 
rings is different from the quantum mechanic iew of free movement of all z-electrons a 
} | } hol it no mer with 
in molecular orbDitals throu it the whole syste B ood agreement with ee 
bo the measurement oO! the diamagnetic anisotropy of the enes which points to a high ta ies 
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It has the lowest reactivity of all benzologues of tetracene. It reacts very slowly with 


boiling maleic anhydride to form a colourless adduct and does not dissolve in con- 


Unlike the other benzologues of tetracene it shows a yellow 


centrated sulphuric acid 
it 170°. In these 


phosphorescence of considerable life in solid dioxan solution 


properties it closely resembles the fully benzenoid hydrocarbons.’ Its absorption 


spectrum is recorded in Fig. | 
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oe ek Coronene can be considered to be d ed from triphenylene by con be 
So double bonds to it with the formation of the three “empty rings |, 2, 3 in 
[> a In this formula the central ring would have obtained induced be id chara 
the reversible trans! 3 z-electron p from the th benzenoid rings. A= 
ae possibility is the hexagonally symmetric arrangement in formula (XII) which the ; 
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4 
ber of xtet 
the external frame of nine co! ited doul ynd dh = biggest 
shift. This external frame oug ya va it ¢ t. This is 
obviousiyv not the case and neither does ‘ (1°94 A) as j 
hedron 5. 98 (1959): 6 ‘ 
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obtained from the diamagnetic anisotropy measurements support this view 


accordance with formula (XI) the three non-benzenoid double bonds in rings | 
:6-9:10-hexahydrocoronene.® 
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Since :12-benzoperylene already contains the stable tripheo [7 
of this annellation is small (170 A. correspond A). This shi 
me ODSCT\ nca ene cic $s are attached to | :2- 
benzopyrenc r: X\ nd itv). fts are similar to the one 
ani produces and fot t bond lft triphenylene 
compile. 2-5:6-dibenzocoronene (1V) was free to rotate or oscillate through the 
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A strikingly different result is obtained when 1 :2-7:8-dibenzocoronene (XVII) is 


built up from perylene in an analogous way. The first phenylene complex forms the 


triphenylene complex in (X). The shift related to it is far beyond the value for any pair 
of contact bonds (595 A, corresponding to 5-63V A). This process is therefore a 
benzenogenic annellation (Bz). The second phenylene complex in (XVII) produces 
contact bonds (173 A, corresponding to 1:55\V A) and an empty 
thalene complexes forming the central perylene sy 
of transferable n accordins 
sextet 


n (XVII) then 


tan leaden 


ition (1 
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complex as indicated by the arrows (EEE, sthis process cannot be repeated 
tancously for the triphenylene sy the ring (E) 
or t second -55\ A) is deducted from the §-band of 
ae -phenyleneperylene (X) a f-band at 54-I8V A corresponding to 2936 A i 
obt 1. The vand of 1-12-benzoperylene (XIII) it 30 yr benzene 
a A ) whilst the second produces an empty ring (E) 
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The 1 :2-benzocoronene had m.p. 292-294-5°. and gave no depression when mixed with the benzo- 
coronene described recently.2. The spectra of this hydrocarbon and of the tetracarboxylic acid from 
(VI) are shown in Fig. 2 

2-0-Phenyleneperylene (X). The quinone* (VIIT (0-6 g) was ground up with zinc dust (1-5 g) 


hloride (7-5 7) and a water, with 


t was kept for 
als of (X) were 
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ee constant stirrit When the foaming subsided the temp was raised to 310° at whic P| 
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